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SUQGhESTIOlSrS 



FOR DIVIDINQ ENGLAND AND WALES INTO DISTMOTS, FOE THE 



SUPPLY OF PURE WATER 



TO THE TOWNS AND VILLAGES IN EACH DISTRICT. 



THE Council of the Society offered One Oold and Three Silver Medals for the best sugges- 
tions for the above purposes. 

The following Committee was appointed to adjudicate upon the papers sent in in response 
to the offer : — 



Professor F. A. Abel, C.B., F.R.S. 

John- Evans, F.E.S. 

Captain Douglas Galton, C.B., F.E.S. 



Professor Prestwich, F.R.8. 
Professor Bamsaj, F.E.S. 
G. J. Symons, F.E.S. 



Report of Committee presented to the Council Meeting, held on 

May 12th. 

" The Committee have to report as follows : — They have held three meetings, and have 
carefully considered the suggestions sent in in answer to the Society's offer of prizes. Twelve 
papers were sent in ; of these the Committee selected seven as being worth printing for circula- 
tion at the Conference on Water Supply, &c. 

*' They are of opinion that none of the essays sent in are worthy of a Gh>ld Medal, but 
they have selected two which they think worthy of Silver Medals. These are — 1st, the essay 
bearing the motto, ' Better Late than Never ;' and, 2nd, the essay bearing the motto, ' Gutta 
cavat lapidem, non vi, sed sespe cadendo.' 

" Having made these awards, they proceeded to open the envelopes containing the names 
of the competitors, and they found that the essay bearing the motto, ' Better Late than Never,' 
was sent in by Mr. Frederick Toplis, and that bearing the motto, ' Outta cavat lapidem,' &c., was 
sent in by Mr. Joseph Lucas. They also opened the envelopes containing the names of the 
other five competitors, and instructed the Secretary to write to each of them, asking whether 
he would wish his essay to be printed with his name to it or merely under its motto. 

''The Committee think that there are many points of merit in all the seven essays, but 
^ tboy are unanimously of opinion that the two they have selected for awards are much superior 
to any of the rest" 
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The f oUowing were the conditions of the offer : — 

1. The Council of the Society of Arts offers One Gold and Three Silver Medals for the 
best suggestions; founded upon evidence already published, for dividing England and Wales 
into districts, for the supply of pure water to the towns and villages in each district. 

2. The districts should be laid out on a skeleton map scale, which can be obtained 
from Mr. Stanford, 55, Charing-cross, price 6d. each. 

3. The average rainfall in the district should be stated; also the population of the 
district, and its geology. 

4. The suggestions should be written on foolscap, half-margin, and sent, accompanied 
by maps, under cypher, to the Secretary of the Society of Arts, on or before the 2dth day of 
April, 1879. 

5. The maps will be exhibited, and the suggestions will be discussed at the Conference 
on National Water Supply, to be held at the Society's Booms, in May. 

6. The Council will invite the assistance of eminent authorities to recommend the 
competitors worthy to receive the Frizes; but the Frizes will be withheld if the suggestions 
made do not appear to the Judges to be of suffleient merit. 
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SUGGESTIONS, 



FOUNDED UPON EVIDBNCB ALBEADY PUBLISHED, FOB DIVIDINa ENGLAND AND 
WALES INTO WATEB-SHED DISTBICTS, FOB THE SUPPLY OF PUBE WATEB 
TO THE TOWNS AND VILLAOES IN EACH DISTBIGT. 



ESSAY BY FBEDEBIOE TOPLIS. 

Motto— *< Better kite than nertr.*' 
AWARDED A SILYKS MSDAL. 

If it were ix>S8ible to start completely de novo, it 
would be a comparatiyely easy matter to arracffe a 
system, of water supply for England and Wales, 
which would proYide a reasonably pure water for 
all existing towns and villages, ana which would 
be capable of extension as fresh villages sprang up, 
and as towns grew and expanded. No scheme, 
howerer, can be considered satisfactory which does 
not take into account the large amotmt of capital 
already expended on water-works, and does not 
utilise, as far as possible, all existing works for 
water supply. There are enthusiastic reformers 
among us who say that ever^rthing, or almost 
ereryttiing, done up to this time is wrong ; that the 
water supplied, for the most part, is impure and 
unfit for consumption ; and that we must ignore 
all that has been as yet done, and make a fresh 
start. One would have us get all our water from 
the chalk formation, and assures us that there is 
an inexhaustible supply there, sufficient to provide 
every town and village in England and Wa^ with 
an unlimited amount of the purest water. Another 
would persuade us that tms water is too hard to 
be fit either for use by the manufacturer or for 
domestic purposes, and that the wells already sunk 
is the chalk are slowly but surely draining it dry, 
and that we ought to go for our supply to the 
upi>er courses of the rivers and streams. A third, 
again, has a preference for gravitation schemes, as 
^ey are called, and would construct enormoiu 
reservoirs in the mountainous districts of the north- 
west of England and of Wales, and supply the 
whole coumtry from these. 

^e BoyalGommissioners onWater Supply ,in their 
rei)orti88uedin 1869, went very fully into the question 
of the water supply to London, but dedinedto gointo 
the larger questions of the supply to provincial 
towns, or of the gathering groimds in various 
parts of the country generally available for water 
supply, giving as their reason that the inquiry must 
be one of great magnitudci involving a large 
amount of statistical and topographioal investiga- 
tion extending over the whole kingdom. The 
Gommioiio&ers, however, state in decided terms 



their opinion that no town or district should be 
allowed to appropriate a source of supply which 
naturally belonn to a town or district nearer to 
such source, unless imder^ special circumstances 
which justify the appropriation; t£at when an^ 
town or district is supplied by a line of condmt 
from a distance, provision ought to be made for the 
supply of all places along such line; and that, in 
the introduction of any provincial water Bill, atten- 
tion should be drawn to me practicability of nuJdng 
the measure applicable to as extensive a district as 
possible. These recommendations ought to form 
the basis of the future policy of all water legisla- 
tion, and for the proper canying out of them the 
following conditions seem to the author to be 
absolut^ necessary. 

1. That the country should be mapped out into 
watershed districts, each containing one or more 
complete river basins, and that a body of commis- 
sioners diould be appointed to each district. Those 
commissioners should be nominated bv Gbvem- 
ment with the sanction of Parliament ; they should 
be men not connected with the district by personal 
residence, nor by having property or business in the 
district, and their appointment should be for life, 
or at anv rate for a long term of years, otherwise 
tliey will not take sufficient interest in their work 
to acquire a thorough knowledge of it. A man 
appointed to a post for a year or two rarely cares 
to go through the drudgery necessary to make 
himself acquainted with all the petty details con- 
nected with it. 

2. That these Commissioners should be assisted 
by competent legal and engineering advisers. They 
should nave a permanent engineer, at a salary suf- 
ficient to secure a man of considerable experience 
in hydraulic engineering: and there should be a 
consulting engineer chosen from the first rank of 
engineers engaged in this class of work. It may, 
however, be left undecided for the present whether 
each set of commissioners should have its own 
consulting engineer, or whether two or more dis- 
tricts should be grouped together, or whether there 
should be only one, or perhaps two, consult- 
ing engineers for the whole of England and 
Wales. 

3. That these Commissioners should have charge^ 

I not only of the waterworks in their district, but 
' also of the riven and other waterooaiies» and, in 



fact, that every drop of water falliog in their dis- 
tviot should be more or less under their control, 
from the time it falls on the land until it reaches 
the sea. All existing CommissioaerB for river im- ' 
provements, &c., must be abolished, and their 
authority merged in that of the new CommisBicmflrs, 
whose duty it would henceforth be to initiate and 
carry out works for the improvement of river navi- 
gation, for the prevention of floods, &c. 

4. Tlie Commissioners most have power to ac- 
quire all existing waterworks, and, if neceasaiy, 
all canals, &c. With regard to canals, it will not, 
perhaps, be advisable that the Commissionen should 
acquire them except when, owing to the scarcity 
of water in a distribt and to the smallness of traffic 
on the canals, ii may be considered advisable that ' 
they should be dosed. 

There are, no doubt, cases where the canals are 
fed with water which might be used as a source of 
supply to towns and villages, and there may even 
be cases where the canal itaelf might be used to 
convey the water to the towns, care being taken 
to cleanse its bed, to stop all pollution of the water 
for the future, and to discontinue the traffic. In 
other cases, again, canals might be used as flood 
channels, the locks being removed, and weirs, or 
sluice gates, substituted. Many of tibie canals have 
been purchased by the railway companies, solely 
for the purpose of preventing competition, and 
there would probaoly be Httle difficulty in 
acquiring these from the railway companies ; but, 
in all cases where the abundance of water in the 
district, and the largeness of traffic on a canal, 
justify its being kept for traffic, it would not be 
desirable that the Commissioners should acquire 
it, but only that they should have control over it, 
to prevent the waste of water, or the increase of 
floods, or the pollution of rivers bv the introduc- 
tion of impure water from the canal. 

The time is drawing near when it will be found 
absolutely necessary to appoint a Minister of 
Health, with an adequate staff, and he should have 
control, not only over the above suggested Com- 
missioners, but also over all sewage authorities, and 
over all manufactories which poUute the air, and, 
in short, it should be in his charge that neither 
the water nor the air of the kingdom should be 
unnecessarily polluted. No doubt he would have 
other duties wnich, however, do not concern this 
paper. It is not intended that the Commissioners 
of Water Supply, which it is suggested should be 
appointed, should have charge of the sewerage 
arrangements of the districts. These may remain, 
as far as the present paper is concerned, under the 
ozistinflr authorities, although, no doubt, it will be 
desirable that a simUar scheme to the present 
should be arranged for the creation of Commis- 
sioners of Sewage, and it will simplify matters if 
the jurisdictions of the two sets of Commissionors 
are conterminous. It must, however, be urged 
that it is advisable that these two bodies, the one 
charged with keeping all the water in the district 
as pure as possible ; and, the other, with purifying 
as far as possible that portion of the water of tihe 
of the district which hiw necessarily been polluted, 
should be quite distinct, and that their engineers 
and consulting engineers should be different. It will 
the author thinks, be admitted that the Commis- 
■ioners of Water Supply will be much more likelv 
to goaid the rivers jealously from pollution u 



they have not themsdves the task of purifying the 
polluted waters of the sewers. 

Both sets of Commissioners would be under the 
proposed Mini«».gr of Health, who would decide 
any controversies between them. It would be 
wise not to continne the piece-meal legislation 
whidi has hitherto prevaued in England in 
reference to water supply, and instead of, as some 
may be disposed to suggest, creating a set of 
Commissioners in one district where the question 
of water supply is most pressing, axid afterwards 
enlarging the district and then creating another, 
and so on, it would be wise to at once map out 
England and Wales into districts. There has 
been, it is believed, a great deal of information 
collected by the Ordnance and Cbological Survey 
Departments in connection with the existing and 
possible water supply, and it seems reasonable to 
expect that, if a Bbyal Commission were appointed 
to coUect evidence and draw up a scheme, its 
labours would be finished in a short time. This 
Commission would, of course, include those 
Qovemment officials whose duties have enabled 
them to gain information on the subject of water 
supply — such as the Directors of the Ordnance 
ana Geological Surveys, and the engineers of the 
Local Government Boeurd; and also several in- 
dependent engineers of eminence in this branch 
of the profession. 

The duties of this Commission would oonast 
rather in arranging and utilising the vast store of 
information already collected by previous Boyal 
Commissions, by the Survey Departments, and 
by private engineers, in tiie course of their 
practice, than in making fresh analyses or taking 
fresh evidence. The work of the Commission 
might be brought to a dose at the end of one, or 
at the utmost two years, and the evidence it would 
collect would be of great service to the Com- 
missioners afterwards appointed. 

The next stage would be for Gbvemmeni to 
introduce a Bill to create the districts and appoint 
Commissioners, and there would be much less 
opposition if one general scheme were brought in, 
than if each district were taken separately. The 
Commissioners would choose their engineers, the 
Government appointing the consulting engineers. 
On the death or retirement of any of the Commis- 
sioners, the Government would appoint a successor. 

The Commissioners should be mstructed to pro- 
ceed gradually, first acquiring a thorough know- 
ledge of their district ; then, proceeding to check 
all pollutions, to provide a water supply where 
none exists, to extend existing supplies, to improve 
the rivers, &c. They should oe authorised to levy 
a double rate ; one for the supply of water, it 
being understood that where a good supply at 
present exists the rates are in no case to be 
increased ; and the other for the improvement of 
rivers and prevention of floods. It has hitherto 
been usual to levy rates for the prevention of 
floods only on the lands liable to be flooded ; but 
the opinion is gradually spreading that, as tffe 
Waters from the high lands contribute to the 
floods, and, as the water is poured off the lands 
mu(^ more rapidly than formerly, owing to ths 
improved drainage, so it is only just that the high 
lands should contribute their quota to the rates, 
though not in as large a proportion as the low 
lands. It ifl esthnatea thilt, ix this lohane wve 
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carried out, it oould be got into working order 
within five years of the present time, and that 
although there would still be much to be done, an 
end would have been put to the present state of 
oonfauon, and to the waste of money in 
Parliamentary contests between different towns, 
or even between different parties in the same 
town. 

Xow to consider in more detail the duties of the 
proposed Water Oommissioners. They may be 
oividod into : — 

1st. Providing against the pollution of all 
springs, wells, water-courses, streams, lakes, and 
rivers; 2nd. Providing against floods, and storing 
water so as to maintain a sufficient flow in the 
rivers, in dry seasons, for the purposes of navigation, 
for water power, irrigation, &c. ; and 3ra. Pro- 
viding a sumcient water supply of reasonable purity 
to all towns and villages in the district. These 
duties are taken in this order merely for conveni- 
ence, not as in any way showing their relative im- 
portance. 

1. Providing against Pollution, — ^This has hitherto 
been a very c;reat difficulty, owing to the divided 
interests in tne different river begins, to the persons 
charged with the protection of the rivers being 
local men, who are often themselves fi^ty of 
polluting them, and to the legal difficmties and 
expense. Some alteration would, of course, have 
to be made in the mode of proceeding against 
offenders, but it is cut of the scope of the present 
paper to suggest what it should be. It may, the 
author thinks, be hoped that, under the new 
authorities, more success would be obtained than 
has yet been, as the whole of each water-shed would 
bo under one charge, and the Commissioners would 
have no local interests to .prejudice and hinder 
them in the fulfilment of their duties. The source 
of pollution may be divided into manufacturing, 
sewage, and agricultural. The question of the 
pollution of rivers was very fully d[iscussed at the 
Conference at the Society of Arts, in December, 
1874. Mr, John Thom, a calico printer, in a paper 
read at the Conference, stated that by purifying the 
waste water from his works, and preventing the 
pollution of the stream, he got a good per-centage 
on all the money spent, after having paid all work- 
ing expenses. In many other manufactures the 
purification of the waste water would give an actual 
profit. 

The removal of all sewage pollution from rivers 
is only a question of time. Many towns have 
already carried out efficient schemes of purification. 
Irrigation seems to have been the most successful 
plan, and might be more fully carried out if Com- 
missioners of Sewage were appointed in each 
district, as suggested. 

Agricultural pollution must always remain, and 
on this account, stream or river water, when there 
is any considerable extent of cultivated land in 
the basin draining into the river, can never be a 
dtsirable source of water supply for domestic 
purposes. 

2. Providing against Floods and Storming Water, 
T-This again, nas, up to the present time, lieen very 
ineflBoiently performed, and, in fact, many of the 
works carried out for the improvement of rivers 
we been worse than useless. The Biver Nene 
ina^ be taken as illustrating two great difficulties 
which at present lie in the way of all improve- 



ments. One, that a' river basin is often under the 
charge of several distinct authorities ; thus the 
main channel of the Nene is undpr five or more 
different authorities, besides which there are 
numerous others having jurisdiction over the banks, 
the washes, &c. The other, that one engineer 
after anol^er is called upon to report on the 
state of a river, and each one thinks it neces- 
sary to differ more or less from his predecessors 
in his proposed works. About ten different reports 
on the River Kene have been made by eminent 
engineers since the beginning of this century, but 
the works proposed have either not been carried 
out at aU, or else in a fragmentary and imperfect 
manner ; and this river is still in a most imsatis- 
factory state. 

The creation of one controlling authority in a 
river basin, with a permanent engineer, would, the 
auliior thinks, greatly facilitate the improvement 
of the river. 

The Rivers Conservancy Bill, brought before 
Parliament this session, would, if passed, be an 
advance in the right direction, but there are several 
objections to it. The Conservancy Boards are not 
to be appointed at once over the whole kingdoM, 
or even for the most important rivers, but the 
proposal to appoint a Board for any river is to 
originate with the landowners of the district* 
Another objection is, that a considerable propor- 
tion, if not uie whole, of the members of the Board, 
are to be landowners of the district. The Thames 
Hud Lee are excluded from the Bill. Water- works 
and canals are not to be interfered with. It is 
doubtful whether, if this Bill were passed in its 
present form, the conservators would have full 
power to deal with all existing obstructions in 
rivers. Some of the authorities connected with 
the Nene and the Ouse, two of the rivers which 
most urgently require to be dealt with, have already 
protected against this Bill. 

3. Providing a Water Supply,— Thia may be con- 
sidered the most important of the duties of the 
Commissioners. They are to have power to acquire 
all existing water works, but need not acquire 
them if they do not think it necessary. In tnose 
places where the existing authorities are giving a 
good supply to their district from works in the 
district it«elf , there would seem to be no advantage 
in interfering with them. But in other oases, where 
water is brought from a long distance to a town, 
while places situated near this source of supply are 
very badly off for water, the Commissioners would 
take the works in hand, and emlarffe them so as to 
afford a sufficient supply for the whole neighbour- 
hood. In many cases now, towns fetch their 
water from a long distance, when abundant sup- 
plies of equally good or better water are near at 
hand. In others, they are content with impure 
water obtained in their neighbourhood, while, by 
combining with two or three adjoining places, 
thoy could bring pure water from a distant source 
with little increase of cost. Instances are given 
in the third report on UnderCTOund Waters, of the 
Committee appointed by the British Association, of 
places obtaining Acts to impound surface water 
from cultivated ground, when they could get an 
almost inexhaustible supply of pure water from 
shafts in the new red sandstone and permian. All 
these mistakes could be avoided, if there were some 
central body in a large district having power to 
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acquire all requisite inf onnation, and to cany out 
all works necessary. 

Before proceeding to describe in detail the 
districts into which it is suggested England and 
Wales should be divided, it will be as well to 
make a few remarks touching the qucJitv of 
water desirable, the quantity necessary, and the 
quantity available. 

The Quality of Water DeairaUe. — A great amount 
of information is contained in the 6th Beport of 
the Bivers Pollution Commissioners, on the sub- 
ject of the relative purity of the water from dif- 
ferent sources ; and the waters classified as whole- 
some are, first, spring water ; secondly, deep well 
water ; and, thirdly, upland surface water. The 
proposed Commissioners would, in selecting the 
best available water in each district, of course 
have some regard to the relative cost of the dif- 
ferent supplies, and would not go to an inmiense 
expense to provide a first-class water (to use a 
convenient expression), when a second-class one 
could be obtamed at a moderate cost; provided 
always that this second-class water is sumcientiy 
wholesome and palatable. 

The upland surface water, though not con- 
sidered as wholesome as the deep well or spring 
water, is, however, generally softer, and is were- 
fore more suitable for the manufacturing towns ; 
and, although hard water can, as the Bivers 
Pollution Commissioners frequently state in their 
Beport, be softened by Dr. Clark's process, yet 
this process must always cause considerable trouble 
and expense. Provided the upland water is col- 
lected from ground not cultivated, and that every 
care is taken to keep it free from pollution after it 
hfw been collected, there need not, the author 
thinks, be any hesitation in using it for domestic 
as well as for manufacturing purposes. Great 
difference of opinion exists amon^ engineers and 
otbei- experts, as to the purifying effect of the ex- 
posure to the atmosphere of a polluted stream, 
some thinking that, if sewage be poured into a 
river, the water, after flowing seven miles, will be 
as pure as it is above the source of pollution ; 
others, that no appreciable purification would be 
effected; but most, if not all, will agree that 
water taken from a stream polluted by sewage at 
any distance, no matter bow great, below the 
entrance of the sewage, is not desirable for 
domestic purposes; and considering the vast 
quantities of pure water hitherto unutilised that 
exist throughout the kingdom, it may be assumed 
that it only requires the creation of some central 
authorities, such as the suggested Water Com- 
missioners, to insure the abandonment of all such 
poUuted sources. The method adopted by the 
Aivers Pollution Commissioners of estimating 
previous sewage contamination is, the author 
thinks, an inconvenient and a misleading one. 

The protection of the underground waters from 
pollution is a point which has hitherto been 
entirely neglect^, but which urgently requires 
attention. The custom prevalent in many piurts of 
the country, of pouring sewage into cesspools in 
permeable strata, or into wnat are known as 
swallow holes, is one which it will soon be found 
ne(»B9taj to put a stop to. 

The Quantify of Water ^Me^tary.—The quantity 
actually supplied varies in different towns trom 10 
to 60, or even 100 gallons per head per day, but 



there is often a considerable waste. The quantity 
used in cottages is sometimes as low as two gallons 
per head, when the water has to be fetched, or five 
gallons when there is a supply dose to the cottage. 
In larger houses, from 10 to 20 gallons per head is 
used. The average consumption of the manufactur- 
ing towns of Lancashire and Yorkshire has been 
stated by Mr. Bateman to be from 16 to 20 or 21 
gallons for all purposes. 

Bxperiments made show that not more than 
10 or 11 gallons per head are actually used for 
domestic purposes, and the majority of the evidence 
collected on this subject seems to prove that 
20 gallons, or at the most 25 gallons, per head per 
day, ought to be enough for ul purposes. 

The constant system of supply, properly carried 
out, is greatly preferable to tne intennittent, and 
will soon, no doubt, become universal. Its in- 
troduction has in many towns been attended with 
a decrease in the quantity supplied, but this doea 
not prove that less is usefully used, if the ex- 
pression might be allowed, with tJie constant 
system than with the intermittent system. The 
reason for the decreased supply is simply that 
more care is generally taken to inspect the water- 
mains and the fittings in the houses, and to see 
that there is no waste of water. Such, however, 
is not always the case, as for instance, in London, 
where the water companies have in tfome parts 
introduced the constant system without any altera- 
tions being made in the fittings, the result hemg 
that there are dstems overflowing day and night 
for weeks together, saturating the soil round the 
houses. It must be remembered that, while the 
supply for domestic purposes ought to be sui&cient, 
anv waste of water is a disadvantage tu the house- 
holder and to the community. Under a properly 
managed system, the rates, where 25 gauons per 
day is supplied, ought to be less thafi where the 
supply is- 50 gallons ; and if in the latter case half 
is Wttsted, it is certainly not true economy to pro- 
vide 50 gallons per head per day. Again, if the 
water running to waste enters the sewers, it has in 
many cases to be pumped up again ; and if the 
sewage is used for irrigation, it is unnecessarily 
diluted by the waste water, and thus rendered leas 
valuable. If the waste water does not enter the 
sewer, but penetrates the soil, it produces damp- 
ness, leading to discomfort and disease. 

The use of meters for domestic as well as for 
manufacturing supply is sometimes advocated, but 
seems to the author unnecessary and unadviaable. 
If there were a proper system of house inspection, 
and if the inhabitants in a district were made to 
understand that waste of water would cause in- 
crease of cost of suppl)^, and, therefore, increased 
rates, meters would be unnecessary ; and if intro- 
duced, might often lead to an undesirable stmting 
of the water used in a household. The author, in 
his calculations, has assumed 25 gallons per head 
per day as the supply required, but thinks that it 
would be found that 20 gallons would be am^y 
sufficient. He wishes to point out, however, tbat 
a much larger quantity than 25 gallons per head 
of the present population is avaUable in each dis- 
trict. Assuming the population of England and 
Wales, when this scheme is put in operation, to 
be 27 millions, the quantity required wUl be 675 
million ffidlons per day ; and wben this population 
has doubled, the quantity required at the rat« of 



25 gallons per head per day, will be 1,350 million 
galloDi per day or 492,750 million gallons, say 
500,000 million gallons, per annum. 

Quantity of Watbr Ayailablb. 

The average rainfall throughout England and 
Wales is generally stated at 32 mohes per annum, 
g;iTing a total fall in the year of more than 
27,000,000 million gallons ; of this, the quantity 
^Ten above, as required for a population of 54 
millions, is less than 2 per cent. The direct col- 
lection of rain by each household for its own con- 
sumption has been advocated, but can only be 
carried out in country districts ; and even were 
rain water could scarcely be classed as wholesome 
or palatable, as la shown by the analyses made for 
the Bivers Pollution Commissioners. The author 
thinks, however, that for the use of farming stock 
and agricultural machinery, rain water might and 
should be collected, and has, therefore, made no 
allowance for these purposes in estimating the 
quantity of water required per annum in England 
and Wales. 

In the mountainous districts of the North-west 
of England, and of Wales, the rainfall is greatly 
in excess of the average, and, as the strata are im- 
permeable, a large proportion of it runs off into 
the rivers and lakes ; and the greater part of this 
water could be utilised, either by making im- 
pounding reservoirs, or by drawing off the water 
from the existing lakes. 

In the central part of England, where the groimd 
is of less elevation, and the rainfall not above the 
average, there is a very large area covered by the 
trias ur new red sandstone formation. The Bivers 
Pollution Commissioners, referring to this, say that 
there is every reason to believe that vast quantities 
of hitherto unutilised water of most excellent 
quality is to be had, at moderate expense, from 
this very extensive geological formation. The 
oommittee appointed by the British Association 
state, in their second report, that **the area of 
new red sandstone is not less than 10,000 square 
miles in England and Wales, with an average 
rainfall of 30 in., of which never less than 10 in. 
percolates into the ground, which would give an 
absorption of 143,336,000 gallons per square mile 
per annimi." This, over an area of 10,000 square 
miles, would give 1,433,360 million gallons, which 
is nearly three times the whole quantity that will 
be required for England and Wales when the 
population has doubled. In their third report, in 
1877, the committee state that '* there is an avail- 
able daily supply from the new red sandstone and 
permian of England of not less than 3,600 million 
gallons per day, remarkably free from organic im- 
purity. 

Further to the east is a band of oolitic strata 
stretching from the north-east of Yorkshire to the 
south of Dorsetshire. The Bivers Pollution 
Commissioners say with reference to this formation, 
that ** the oolites contain vast volumes of magni- 
ficent water stored in their pores and fissures;** 
and again that **the oolites absorb immense 

tuantities of rain water,*' and that '* it cannot be 
oubted that a considerable proportion of this 
could be secured for domestic supply in its pristine 
condition of purity.*' 

Further east again are the greensands and the 
cha1k| which oontain large bodies of water. In the 



fourth report of the Committee of the British 
Association it is stated that there are 26,687 square 
miles of permian, trias, oolite, Hastings sand, 
greensand, and chalk, yielding subterranean waters. 
That "probably four-fifths of this area would 
yield unpolluted water, and would receive not less 
than from 10 to 15 inches annually, or a quantity, 
if six inches only were yielded in wells, of 240,000 
gallons per day per square mile of surface, and in 
many districts double this, giving a total in 
England and Wales far in excess of that required 
for drinking and manufacturing purposes.** 
240,000 gallons per square mile over an area of 
four-fifths of 26,687 square miles, or 21,350 square 
miles, will give more than 5,000 million gallons 
per day. The quantity required for a population 
•of 54 millions is given above, as 1,350 million 
gallons per day. 

Further reference will be made to the available 
supply in giving the details of each district, but 
enough has been said to show that there need be 
no dificul^, in providing a good and sufficient 
water supply throughout En^and and Wales, if 
only an efficient scheme were arranged for utilising 
the different sources of supply. 

It has been suggested that the distillation of 
water in some parts of the country might be use- 
ful and economical. The author has had some 
experience on this point, having lived for some 
years in a district in South America where all the 
water supply was obtained by the distillation of 
sea water; and he does not recomfu'end this syatem 
to be adopted where it canpossitdy be avoided. 

It is proposed to divide fmgland and Wales into 
the 12 districts shown on the maps accompanying 
this paper. 

The river basins of England and Wales are 
generally classed under four divisions, viz. :— 1. 
The North- West Division, comprising those rivers 
draining into the Irish Sea and St. George's 
Channel. 2. The South-West, draining into the 
Bristol Channel. 3. The Southern Division, drain- 
ing into the English Channel ; and 4. The Eastern, 
draining into the Oerman Ocean. The lines of 
water-shed separating these divisions have been, in 
most cases, retained as boundaries between the 
proposed districts. 

DiSTBICT No. 1, OB THB NOBTH-WEBT DISTRICT. 

This will be a large and a very import- 
ant district. It includes the whole of tiie 
North- West of England, and is, in fact, almost 
identical with the North- West Drainage Division 
mentioned above; the boundary of l£e district 
a|^eing with that of the division from the Cheviot 
hills to a littie south of Bala Lake ; it then turns 
northwards, and follows the western edge of the 
basins of the Dee and the Elwy, includes the Dulas, 
and reaches the sea at Co'iwyn. There are great 
difficulties in the way of diminishing the sixe of 
this district. It may now be considered as 
decided that the waters of the lake region 
of Cumberland and Westmoreland will be used for 
the' supply of Manchester and other Lancaslure 
towns, and, therefore, the district must extend from 
the Lakes to Manchester. It must then include the 
whole of the Mersey basin, otherwise part of this 
basin would be under one set of Commissioners and 
part under another, which would be most undesir^ 
able; Then, again, there is great probability that 
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fiala Lake will be ntilisedfor the supply of Ohater 
and Liverpool, so this must be included in this dis- 
trict. The lakes UUeswater and Haweswater drain 
northwards into the Eden, thus extending the dis- 
trict nearly to the extreme north of England. As 
it is considered, in this scheme desirable, to include 
the whole area and population of England and 
Wales, in the 12 districts, the northern boundair of 
No. 1 has been drawn alon^ the dividing nne 
between England and Scotia^, and therefore in- 
cludes a portion of the basin of theEsk; but, in 
carrying out the scheme, it would probably be 
found advisable to omit this, and to stop the dis- 
trict at the northern boundary of the Eden basin. 
The area of this district is 6,613 square miles. It 
includes the whole, or nearly the whole, of Cumber- 
land, Westmoreland, Lancashire, CQieshire, Hint, 
andDenbigh, andportions of Yorkshire, Derbyshire, 
Merioneth^ &c. The population, in 1871, was 
3,963,302, and the estimated population now is 
4 ,446,157. It may be as well to mention here iixai 



given for the Lake district, and for the region from 
which Bala Lake is fed. The area, coloured as 
havinga fall of between 50 and 75 inches, borders the 
Lake region, includes the head waters of the Eden, 
the Lune, and the Bibble, and extends along the 
eastern edge of the district as far south as Settle. 
There is a similar area in Wales, including Bala 
Lake, and reaching to Uanrwst. The next sone, 
40 to 50 inches, extends from Silloth and Wigton 
to the north-east corner of Westmoreland; in 
Lancashire it includes Lancaster, Blackburn, Bol- 
ton, Bochdale, and Burnley. It also borders the 
last preceedins zone in Wales. Almost the whole 
of the remainder of the district has between 30 and 
40 inches of rain, a portion of Flintshire and the 
West of Cheshire having less than 30. 

The percolation in the permian and new red 
sandstone areas is large. Tne metamorphio rooks 
of the Cumberland and Westmoreland mountains 
rise to a considerable elevation near the coast, and 
the district is, on the whole, a very mountainous 



the '* estimated population now " has been in all i one, and most of the rivers rise on very high ground 



cases obtained by taking the population in 1871, 
and adding to it the mcrease since 1861, thus 
assumii^g that the increase in the last eight years 
has be^ equal to that in the preceding ten. This 
method, nerhaps, gives rather less than the actual 
increasCi but is accurate enough as an approxima- 
tion. . 

The principal river basins in the district are the 
Eden, draining UUeswater and Haweswater ; the 
Derwent, draining Derwentwater and Thirlmere ; 
the Leven, draining Windermere ; the Kent, the 
Lune, the Bibble, the Mersey, the Dee, and the 
Elwy. The strata in this diafcrict belong to the 
primary and to the lowest part of the secondary 
zormations, the most recent being the trias. The 
Lake region of Cumberland andWestmorland con- 



In the northern and south-western parts of the 
district, where the older strata occur, the rain 
falling would be carried at once to the sea, were 
it not for the presence of the lakes, which act as 
regulators. Tnose rivers, which are fed from, the 
tnas, are much more regular in their flow. 

The rivers are for the most part largely polluted 
either by sewage or by trade refuse, the only ex- 
ceptions being some small ones near the coast. 

Although the population of this district is large, 
the availaole water supply is proportionally great, 
consistiDg both of upland surface water and of 
underground water from the trias. The upland 
surface waters from the upper tributariea of the 
Mersey and the Bibble, on the millstone grit and 
mounmn limestone, and from other rivers, have 



sists of tne Cambrian or Siltuian formations, which already been utilised, and more than 50 million 



again occur round Bala Lake. The mountain lime- 
stone and millstone grit of the carboniferous series 
border the Silurian of Cumberland on the north 
and east, and form the ridge of the Pennine chain 
of hills which extend nor&wards from the High 
Peak of Derbyshire. They again appear to the 
south of the estuaqr of the Dee. The coal mea- 
sures occur at Workington and Whitehaven, and in 
the district north of Manchester and Liverpool, 
and again are slightljr developed south of the Dee 
estuarv. The permian strata are found near 
Whitehaven, and along a narrow strip of country 
from Allonby on the coast to PenriUi and Brough ; 
thev also fringe the west and south sides of the 
coal-fields of Ijancashire, and the east of those of 
Flintshite. The trias, or new red sandstone, is 
largely developed ; it forms the greater part of the 
basins of the Eden, the Mersey, and the Dee, and 
also occurs on the south-west coast of Cumberland, 
the west of Lancashire, and in the small basin of 
the Clwrdd in the north- east of Wales. In the 
west ana north of the district, however, this forma- 
tion is extensively covered by alluvium. 

The rainfall of the Lake district is very large, as 
much as 225 inches having been registered in one 
year at the Stye. Mr. Symons has given the true 
mean of the Lake district as 77 inches, that of three 
consecutive dry years as 61*6, and of the driest 

Sear as 53 inches* On Mr. Symons* map, in the 
ixth Beport of the fiivers Pollution Commis- 
rioners, a rainfall of over 75 inches per amuim 



gallons ner day are now drawn from these 
sources, but there is still a vast reserve, in 
the Lake region, of excellent water, eminently 
suitable for manufacturing towns on account 
of its softness. The loss of water by evapo- 
ration throughout England and Wales varies 
from 9 to 20 inches per annum, and in mountain 
districts is generally taken at 14 inches. The 
compensation water given to the rivers, when their 
headwaters are impounded, is usually one*third or 
one-fourth of the amount that can be collected. 
The area of the lake district is nven by Professor 
Ansted as ''nearly 800 square nmes." Taking the 
rainfall of the driest year at 53 inches, deducting 
14 inches for evaporation, and taking away one- 
third for compensation, there is left 26 inches, 
which would give rather more thui one milhon 
gallons per square mile per day, or a total, taking 
tke area at 700 souare miles, of 700 miUiona gallons 
per day; enough to supply 28 millions people, 
whereas the population of No. 1 District is under 
5 millions. The net produce of three or four diy 
years at the present gathering ground for Man- 
chester, averages 33 inches. Messrs* Hemanaand 

HassardproposedtosupplyLondonby collecting the 
water from 177 square zniles of the Lake district, 
including only the drainage areas of UUeswater, 
Haweswater, and Thirlmere: thev estimated the 
rainf^ at 64, the loss at 14, and the compecisation 
1. 1 at 9 inches, leaving 41 inches, which would prodnoe 
la 1 287 million gallons per day. They also mention a 
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reseire area of 53 aquare miles to the east of 
Amblfisxde. 

The area proposed to be utilised for the Thirl- 
mere scheme is about 17 square miles. Mr. Bate- 
man oaloolatea the meau rainfall at 80 inches, and 
the loss at 8, leaving 72 inches, which gives about 
50 million gallons per day. 

Bala Lake has a drainage area of 56 square 
miles, and it is estimated oy Mr. Hassard that 
70 mOlion gallons per day could be obtained from 
it 

The underground water of the trias has already 
been extensively drawn upon, especially at Liver- 
pool, where, however, it has not proved adequate 
to meet the demand upon it ; owing, no doubt, to 
the proximity of the sea, and to the presence of 
faults in the strata. 

Some controlling authority is greatly needed in 
this district, to regulate the supply to the different 
towns. The gathering grounds of Lancashire 
might be deyeloped to their fullest capacity, any 
deficiency in the supply to the manufacturing 
districts being then made up from the more distant 
sources. The 70 million gallons per day which 
could be obtained from the Bala Lake drainage 
area would amply suffice for the South-Westem 
part of the district, including Liverpool, and the 
Bivington district could then be given up to the 
towns in its neighbourhood, as recommended by 
Mr. Bateman in his evidence before the Com- 
mission on Water Supply. The south-eastern part 
of the district, sitiiated as it is on the new red 
sandstone, might be supplied from that formation. 

District Ko. 2, ob the Welsh District. 

This includes the remaining portion of the Korth- 
West Biver System, and that part of the South- West 
Division which is west of the Wye basin. The 
extreme south-west comer of the Wye basin, be- 
tween Chepstow and Newport, as dbown on the 
Catchment Basins Map of the Ordnance Survey 
Department, has been added to this district, as it 
does not dradn into the Wye. The Wye has not 
been included in this district, because it is con- 
sidered that the large body of water which could 
be obtained from its drainage area could be more 
usefully employed, and is more required in the 
Midland counties of England than in the South of 
Wales. The area of the district is 5,359 square 
mUes, and it contains the whole of Anglesey, Car- 
narvon, Pembroke, Carmarthen, and Glamorgan, 
And the greater part of Merioneth, Cardigan, 
Brecknock, and Monmouthshire. The popula- 
tion, in 1871, was 1,089,026, and the estimated 
population now is 1,205,021. The principal river 
basins are the Conway, Glaslyn, Mawddaoh, 
Dovey, Teifi, Towy, Tawe, Neath, TaflP, Eumney, 
and Usk, With tne exception of a small area m 
the extreme south of Glamorgan, the strata in 
this district are entirely of the Palfleozoio age, and 
principally belong to uie Cambrian and Suurian, 
mtennixed with trappean rocks. The Devonian 
or its equivalent occupies the greater part of the 
portions of Brecknockshire and Monmouthshire 
mdaded in this district, and the carboniferous, 
principally consisting of the coal measures, covers 
^Iwge area in Glamorgaiuhire and Monmonth- 
■hire. These two formations also occur in the 
foath of Pembrokeshire. On Mr. Symons' map 
it is shown that oyer 75 ioaiies of rain falls on 



a strip of country extending from Snowdon to 
Cader Idris, and also on a small area on the bor- 
ders of the district at Plynlimmon. Frona 50 to 75 
inches falls on the greater part of the district. From 
40 to 50 inches falls on the whole of Anglesea, except 
the centre ; on the north coast and western pro- 
montozy of Carnarvonshire ; on the west of Meri- 
oneth and Cardigan, on the whole of Pembroke, 
ijxe south of Cdrmarthen, the north and east of 
Glamorgan, and on the east of the preceding 
zone ^m Brecon to Cardiff. Less than 40 inches 
falls on the South coast, from Kidwelly to Llan- 
daff, and in the basin of the TJsk below Brecon, 
while a very small area oast of Newport has a less 
fall than 30 inches. 

The greater -part of this district is more than 
500 feet above sea, and it is separated from dis- 
tricts 1 and 3 by high mountains. In this dis- 
trict, as in No. 1, the rainfall is large and is car- 
ried rapidly off the land, but there are numerous 
small lakes which serve as regulators. A map 
issued by the Rivers Pollution Commissioners, in 
their sixth Keport, shows that the rivers of this dis- 
trict are unusually free from pollution, the excep- 
tions being those in ^e centre and those in the 
south-east. The southern part of the district is 
imporiant, owing to its coal and iron industries. 

The system most applicable to this Welsh dis- 
trict will probably prove to bo that of storing the 
mountain waters. The streams on the west coast 
of Wales are described as being exceptionally 
pure, soft, and pleasant, and as the rainfall 
is considerably above the average, no difficulty 
will be found in providing an ample water supply 
throughout the district. 

District No. 3, ok the Severn District. 

This is the largest of the 12 districts. It consists 
of the basins of the Severn, the Wye, the Bristol 
Avon, and the Yeo. The boundary on the east is the 
same as that between the south-west and the 
eastern river systems. Ou the south-west the 
Mendip Hills form the natural boundary of the 
Severn system. The area is 7,053 square miles. 
It includes the whole of Kadnor and Hereford ; 
nearly the whole of Montgomery, Shropshire, 
Worcester, Warwick, and Gloucester, and parts 
of Brecknock, Monmouth, Somerset, and Wilt- 
shire, &c. 

The population in 1871 was 1,763,363, and the 
estimated population now 1,856,754. On the 
west side of the district, the strata are of the 
primary age, Silurian in the Welsh counties, and 
Devonian in Monmouthshire, Herefordshire, and 
the south of Shropshire. The carboniferous rocks 
occur in isolated patches near Shrewsbury, in the 
Valley of the Severn, north and south of Bridge- 
north, in the Forest of Dean, around Bristol, 
and in the Mendip Hills. The permian is slightly 
developtrd east of the patches of carboniferous 
strata in Shropshire, and also round Coventry. 
The trias occupies the remaining portion of the 
district to the north-east; the Warwickshire 
Avon and the lower part of the Severn fonn 
approximately its eastern boundary. The lias 
appears east of this line, and extends north of the 
Avon at Pershore. The lower and middle oolites 
occur in the south-west comer of the district, in 
the upper part of the basin of the Bristol Avon 
and the upper oolite and greensand are at the 
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eztrenM sontfa-west, near Devues. The nunfall 
ifl 1m8 than in the preceding districts. At the 
sources of the Gk^rem it is over 75 inches. Then 
follows a narrow hand on the western edge of the 
upper hasins of the Severn and Wye, where it is 
between 50 and 75 inches. Then another narrow 
strip, extending toLUinfair, Newtown, and Brecon, 
where it is between 40 and 50. The next zone, 
that between 30 and 40 inches, is wider than the 
former ones, and extends a little east of the Welsh 
border, and there is a detached area of this soae 
ronnd Cheltenham, Stroud, and Bristol. The rest 
of the district has between 25 and 30 inches of 
rain per annum. The western border of the dis- 
trict is Tery mountainous, aod in the East and 
South axe the Malvern, the Cotteswold, and the 
ICendip Hills. The centre and north are of 
lower but still of considerable elevation. In the 
upper basin the water of the Serem is soft, and 
fi^ from mineral solids, but the eastern tribu- 
taries convoy harder water from the triassic dis- 
tricts, and a large part of the main stream itself 
runs over the trias. This district would not be a 
difficult one to deal with, as the head waters of 
the Severn and the Wye would, if necessary, 
furnish an ample supply for the whole of it. 

Mr. Bateman, in hu scheme for supplying London 
from the sources of the Severn, proposed to collect 
the water from 204 square miles, and also pointed 
out a reserve area of 109 square miles in the basin 
of the Severn, and 60 in that of the Wye. Ho took 
36 inches as the rainfall that he should be able to 
collect ; which, after deducting one-fourth for com- 
pensation, would g^ve about 220 million gallons per 
day ; but he estimated the available quantity from 
the whole area at 300 million gallons. This would 
be enough for 12 million people. 

Mr. Hamilton Fulton, again, estimated that 
there could be obtained from 440 square miles, in 
the catchment area of the Wye, after giving one- 
fourth for compensation, 393 million gallons per 
day. The proposed aqueducts in both these 
schemes keep in this district as far as the south- 
east comer of Warwickshire. In addition to the 
large body of water thus shown to be available in 
the west, a considerable supply could be obtained 
from the triassic strata in tne north and east, and 
from the oolitic in the south-east. 

District No. 4, ob the South- West District. 

This is composed of the remaining part of the 
south-west nver system, and of part of the 
southern system, llie division between these two 

2 stems extends in a very irregular manner, 
rough Devon and Cornwall, and would make 
a very inconvenient boundary between different 
districts. It is proposed that this division should 
be followed from the south point of the basin of 
the Bristol Avon to near Crewkeme, and that the 
boundary should then be drawn down to the sea, 



PalflBozoio rooks form the greater part <d the 
district. The Devonian system extends over mot 
of Cornwall, and is largely developed in tb 
norUi and south of Devonshire. The lower car- 
boniferous strata occupy the centre and west d 
Devonshire. The trias is represented by a strip 
stretching from north to south across Somerset 
and Devon, and including Bridgwater, Taunton, 
Exeter, and Sidmouth. The lias is found in the 
oentre and north of Somersetshire, and extends to 
the Channel at Lyme Begis. The lower oolite formt 
the high ground on the eastern boundary of tht 
district, while an outlier of the cretaceous system 
occurs in the south-east comer of Devonshire, in 
the basins of the Axe and Otter. Qranite and 
metamorphic rocks form elevated areas at Dartmooi 
and in several parts of ComwalL The rainfall 
exceeds 75 inches at Dartmoor. It is betweeo 
50 and 75 inches on the 'outskirts of the moor, and | 
on the granite hills between Launoeston and 
Bodmin. Almost the whole of the remaining part 
of Cornwall and the west of Devonshire has from 
40 to 50 inches, and this extends eastwards to 
Barnstaple and Plymouth, and the east side of 
Dartmoor. The neighbourhood of Falmouth hu 
rather less than 40 inches, and the fall is betwen 
40 and 50 inches in the east of Devonshire, and the 
west and south of Somerset, and also in the north- 
east of Somerset at Wells and Glastonbary. The 
remaining portion of Somerset has leas than 9U 
inches. The elevation of the greater part of thii 
district is considerable, rising to about 1,800 feet 
in Dartmoor. Most of the river basins are shown 
as unpolluted on the map of the Rivers PoUutioo 
Commissioners. In this, as in the preceding 
districts, there is a large quantity of upland water 
available, owing to the heavy rainfall, and to the 
geological formations represented being principally 
of the i>alieozoic age, and therefore of an impcr* 
meable character. There are numerous streams of 
pure water rising in Dartmoor, and the elevated 
regions of Cornwall and the north of Devonshire 
would give large supplies. The more permeaUe 
rocks at the east of the district f umidi underground 
waters. 

DiSTBICT No. 5, OR THE SoimiSBK DISTRICT. 

This contains another portion of the southecn 
drainage division, namely, that extending from 
the lant district to the eastern side of the basin of 
the Titohfield, and including the Isle of Wight. 
The North Downs form the north-east boundary. 
The area is 2,798 square miles. The district 
includes the greater part of Dorsetshire and Hamp- 
shire, and abSut one-half of Wiltshire. The popn* 
lation in 1871 was 598,175, and the estimated 
population now is 637,038. The chief river basins 
are the Frome, Stour, Avon, Test or Anton, Itchio. 
and Titohfleld. The oldest formation representeu 
in this district is the lower oolito whioh fbrms the 



between Lyme Regis and Bridport, so as toinolude high ground at the south-west boundary of the 
the basins of the Axe and the Char. The Mendip | district, and extonds along the coast to Wt^ymouth. 



Hills form the north-east boundary. The area of 
the district is 5,103 square miles. It oontsins the 
whole of Devon and Cornwall, and the greater 
part of Somersetshire. The populataon, in 1871, 
was 1.253,928, and the estimated population now 
is 1,264,767. The principal river basins are the 
Parret, the Taw, tne Torridge, the Tamar, the 
Dart, the Teign, the Ex, and the Axe. 



This is succeeded by the middle and upper oolites 
in the south-west of Wiltshire and north of Dorart, 
and at Weymouth and Portland. Hie greensand 
forms a narrow band towards the western side of 
the district, and in the Isle of Wi^t ; while the 
chalk is largely developed, extending from Pur- 
beck to Dorcnester, and thenoe through the oentre 
of Dorsetshire, foming the whol% €« the district 
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north of Salisbury and Winchetter. It also forms 
the centre ridge of the Isle of Wight, and underlies 
the tertiary strata which cover the east of Dorset- 
shire, the south of Hampshire, and the north of the 
Isle of Wight. The rainfall of this district is only 
moderate in quantity. The highest zone is that 
between 30 and 40 inches ; this covers the southern 
part of the district, and includes Shaftesbury, 
ISaliabury, and Winchester. The rest of the district 
has between 25 and 30 inches per annum. This 
district is of less elevation than the preceding ones, 
but it is bounded on the west by the oolitic hills, 
separating it from No. 4, and on the north by the 
obalk hills forming Salisbury Plain and the com- 
mencement of the North Downs. 

The map before referred to shows that in the 
whole of Dorsetshire, in nearly the whole of Wilt- 
shire, in the south of Hampshire, and in the Isle 
of Wight the river basins are uopoUuted. As there 
is a large area occupied by permeable strata, more 
especially by the chalk, large quantities of unrler- 
ground watercouldbeobtainedinthisdistrict. Water 
is also now collected from the surface of the lower 
tertiaiies ; this is described by the Eiders Pollution 
Commissioners as probably not unwholesome. In 
tome parts of the tertiary area the supply is at 

Siresent unsatisfactory ; but there would be no 
ifficulty in providing good water for all the wants 
of the district from wiuiin the district itself. 

District No. 6, ob the South-east District. 

This is made up of the remaining portion of the 
Southern river system, and the basins of the Med- 
way and the Stour. The reason for including these 
two basins is that their interests, as regards water 
supply, are in no way bound up with those of the 
Thames basin, and the latter will form by itself a dis- 
trict so large and populous that it is advisable to 
limit it wherever possible. The divisionbetween dis- 
tricts No. 5 and 6 is an arbitrary one, and there would 
be no difficulty in imiting them if it were thought 
desirable ; but considering that when so united tbey 
would form a very long district — longer, in fact, 
than any of the others, and that there is no reason, 
connected with their geological formations, or 
with the sources of water supply available in each 
district, why they should not he separated, it has 
seemed to the author preferable to form them into 
two distinct districts. They will not be by any 
means imimportant. There arc numerous health 
resorts scattered along the coast, at which it is 
most essential that there should be a good supply 
of pure water. The area of this dis&ct is 3,057 
square miles, commising the whole of Sussex, 
the greater part of jEent, and part of Hampshire 
and Surrey. The population in 1871 was 1,094,186 ; 
the estimated population now is 1,225,214. The 
river basins are the Portsmouth, Arun, Adur, 
Ouse, Bother, Medway, Stour, &c. 

There is no geological formation here older 
than the wealden, which occupies the centre of 
the district in the Weald of Kent and Sussex ; it 
extends to the northern boundarv of the district, 
hut on the west, the south, and the north- east 
it is surrounded by a narrow strip of the green- 
sand strata, whUe the chalk stretches from 
Brighton and Beachy Head towards Winchester, 
forming the South Downs, and enters the district 
again at Bochester, extending to Dover and Deal, 
and forming the eastern spur of the North 



Downs. The tertiary clay forms a narrow strip 
along the coast from Brighton to Fareham, and 
again north of Rochester and Canterbury. The 
rainfall is about the same as in No. 5. It is be- 
tween 30 and 40 inches over the central part, and 
between 25 and 30 over a narrow area along the 
south coact, including Havant, Chichester, Lewes, 
and Battle, and over a wider one on the north 
and east, reaching from Chatham, Canterbury, 
and Sandwich, nearly to Tunbridge Wells and 
Ashford. The extreme north of Kent, including 
the Isles of Sheppey and Thanet, has less than 
25 inches. 

The centre of the district is of moderate eleva- 
tion ; it rises to about 640 feet. The rivers are 
for the most part short and unimportant. Their 
basins, with the exceptions of the Medway and a 
small area round Canterbury, are unpolluted. 
The country covered by the wealdon strata is not 
very abundantly supplied with water; but, 
as the population is not great, there will 
probacy prove to be a sutlicient supply in 
the springs and wells. Although the water from 
this formation is inferior, bom in quality and 
quantity, to that from that from the new red 
sandstone, the oolite, and the chalk, it is yet ^od 
and wholesome, and sometimes soft. Tunbridge 
Wells is supplied from a spring in the wealden, 
and Hastings from an artesian well. In that part 
of the district where the chalk and g^reensands 
occur, an ample supply of good water could be 
obtained, and in many places has already been. 
The chalk springs near Havant are so abundant 
that it was even proposed by Mr. Ewens, before 
the Boyal Commission on Water Supply, to utilise 
them for the supply of London. They can, bow- 
ever, be more profitably used in the populous 
district in their neighbourhood. 

DiSTEICT No. 7, OB THE THAMES DiSTBICT. 

This is conterminous with the catchment area 
of the Biver Thames, excluding the Medway. 
Although of less area than some of the other 
districts, it contains the greatest number of in- 
habitants. If, as is proposed, the future supply of 
London be obtainea within the catchment area of 
the Thames, it seems impossible to separate the 
interests of the metropolitan district from those of 
the other towns and villages in that area and the 
whole basin should, therefore, be placed under one 
authority as regards its water supply — which 
authority should also have complete control over 
the Biver Thames itself aud its tributaries. 

The area of the district is 5,172 square miles. 
It includes tiie whole, or nearly the whole, of 
Oxfordshire, Berkshire, Hertfordshire, Middlesex, 
and Surrey, with large portions of Buckingham- 
shire, Gloucestershire, Wiltshire, Hampshire, Kent, 
and Essex. 

Its population in 1871 was 5,040,096, and its 
estimatad population now is 5,804,351. The lias 
is the most ancient of the geological formations in 
this district ; it is found only at the extreme north- 
west. The lower oolitic strata of the Cotteswolds 
are of great importance, for on these rise many of 
tihe most important of the earlier feeders of the 
Thames. The middle and upper oolites follow in 
narrow bands. The wealden in the south part of 
the district gives rise to the Mole. The greensand 
stretciies from between Aylesbury and Tring, 
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Bouthwardfl, through Wantage, towards Devizes, 
and also ooours in Surrey, south of the North 
Downs. The ohalk is of greater extent, and 
reaches from the greensand on the west to Bishops 
Stortford. Hertford, Watford, Beading, and Hun- 

gjrford; it then forms the orest of the North 
owns, and the lower part of the valley of the 
Darent. 

^ The remainder of the district consists of the ter- 
tiaiies overlying the chalk. Of these the London 
day oovers the largest area, but there is a con- 
siderable extent of country, about 200 square 
miles, round Bagshot covered by the permeable 
Bagshot sands. The rainfall is nowhere very 
great. The average of the upper basin is about 
30 inches, and that of the whole basin is 26 or 28 
inches nor annum. The highest zone on Mr. 
hymons^ map is that between 30 and 40 inches, 
covering a small region at the head of the Thames, 
Chum, and Coin, and another at the head of the 
Wey and Mole. The next zone, 25 to 30, extends 
eastwards as far as Oxford, and nearly to Reading, 
and takes in all south of a line drawn from just 
below Beading to Croydon, and to bcdow Graves- 
end, There is also an isolated poHion of this 
zone round Tring, St. Albans, and Luton. The 
rest of the district has a fall of less than 25 inches. 
There are several ranges of hills of considerable 
elevation in the west and south; namely, the 
Cotteswolds, the Chiltems, and the North Downs. 
The water-shed between ti^e Thames and the 
Severn is at the highest over 800 feet, but mostly 
below 400 feet. That between the Thames and 
Ouse is generally not more than 300 feet. The 
flow of the rivers is large in comparison with their 
drainage areas. They are all shown as polluted 
on the map of the Bivers Pollution Commissioners, 
but they do not of course become polluted for 
some lititle distance below their sources. The 
mean evaporation throughout the basin is usually 
assumed at 15 inches, but Mr. Greaves considers 
that near London it is 18 inches, or 72 per 
cent, of a rainfall of 25 inches. There is a large 
percolation over most of the district, and Mr. 
Bravendcr estimates the mean amount of rainfall 
available in the upper part of the basin at between 
9 and 11 inches. The amount of percobition 
through the chalk, estimated by different authori- 
ties, varies from 4 to 18 inches per annum. 

The evidence taken by the Commissioners on 
Water Supply, and on Kivers Pollution, proves 
conclusively that there is an ampin supply of water 
in this district for all its inhabitants. On the 
west, abundant streams of excellent water arc 
poured forth from the oolitic rocks, while in the 
centre and the east, the chalk furnishes a large 
supply, not only at the outcrop, but o?en where it 
passes under the tertiaries. 

The Boyal Commissioners on Biver Pollution 
say. in their Cth report:— "We have found no 
catchment b isin so rich in springs of th» finest 
drinking water as that of the Thames. The chalk, 
oolite, and greensand make up a very largo pro- 
nortion of the collecting ground of the Thames 
basin, and oven where they dip below the London 
day, or the other impermeable formations, aro 
easlljr aorossiblc to the boring rod. We are of 
opinion thwt the whole of the metropolis and its 
suburbs should be supplied exclusively with the 
spring and deep woU water of the Thames basin.*' 



They further state that, within 40 miles of St. 
Paul*s, a sufficient volume of deep well and spring 
water can be obtained for the present daily wants 
of the metropolis, and they estimate that, taking 
only 6 inches of the rain-fall, 512 million galloiu 
per day could be obtained within 50 miles. 

Mr. Bailey Denton, in his evidence before tho 
Commission on Water Supply, estimated that 100 
million gallons per day couli be obtained from the 
upper sources of the Thames, 60 million gallons 
from the Lea, and 40 million gallons from the Wej 
and Mole, maldng a total of 200 million gallons ex- 
olusivo of the Colne and the Wandle. 

Mr. Hawkeslev considered that half of the lowest 
volume of the Thames, which he calculated at 360 
million gallons per day, might be taken without 
any storing process. Mr. Simpson thought 
the Thames capable of supplying 200 million 
gallons per day, and the Lea 60 million. Mr. 
Beardmore said that with storage reservoirs 
300 million gallons could be obtained from the 
Thames and Lea. Mr. Leach, engineer to the 
Thames Conservancy, said there was a diatrict 
above Oxford well calculated for the formation of 
reservoirs, and thought that, with storage reser- 
voirs, 200 million gallons per day might be taken. 
The Commissioners summed up the evidence by 
estimating that 220 million gallons could be ob- 
tained from the basin of the main stream, 50 mil- 
lion from that of the Lea, and bO million from the 
ohalk, making a total of 300 million gallonB per 
day. The present supply to London is about 120 
million gallons a day. If, however, we take tho 
population of the whole water-shed at six mil- 
lioiis, this multiplied by 25 gallons, wiU give 150 
million gallons per dav ; just half the quantity 
estimated to be available in the water-shed. The 
estimate of 30 million srallons obtainable from the 
chalk is an exceedingly moderate one, and the 
quantity now drawn daily from this formation in 
tne whole water-shed is probably nearly, if not 
quite, as much as 30 million gaUous. Large quan- 
tities are obtained from wells in London itself. The 
Kent Water- work 8 Commny })ump from their 
wells on tho outskirts of Uie Metropolis enough, it 
is said, to supply tho whole of London 'ii'ith suffi- 
cient water for drinking and cooking. At Orajm, 
in Esspx, as much as 7 million gallons per day has 
been raised, and the district in the neighbourhood 
is now supplied from this source. 

Froui the chalk wcUs of the Tring and the 
Caterham Water- works Companies, and of the New 
Biver Company, several million gallons a-day are 
obtained. It would extend this paper to too groat 
a length to go fully into tho evidence that has boon 
given, from time to time, as to tho area of the dif- 
ferent formations in the Thames basin ; an to the 
extent to which they may be depended on to 
furnish water; and as to the actual flow of the 
Thames and its tributaries. Tho reports of the 
Boyal Commissioners go very fully into those 
questions, and they have been frequently dl^cusi^od 
since those reports were issued. Tho author will 
only, therefore, sum upbyexprc>singhiscouviction 
that it will be quite unnecessnry to go beyond tho 
basin of the Thames for the supply of the population 
of that basin, within any time that we need at 
present look forward to. He does not feel called 
n(K>n to say anything as to the mode in which the 
present supply should bo improved, but wiU repeat 
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what has been stated in a former part of this 
paper, that no scheme can be considered satisfactory 
which does not take into account the Lirge amount 
of capital ah-eady expended on water- works. 

DisTBicr No. 8, ob the Eastebn ConrTixs 

DiSTKICT. 

Several different ways of dividing the country 
between the Thames and the Humber might be 
suggested, each having its advantages. The basins 
of the Great Ouse, Nene, Welland, Witham, and 
Trent are connected by artificial cuts or canals, so 
that it 19 impossible to create districts which shall 
be entirely independent of each other. Much 
might be said in favour of uniting together the 
four large rivers that drain into the Wash ; namely, 
the Ouse, the Nene, the Welland, and the Witham ; 
but this would leave two small and inconvenient 
districts, one on the coast of Lincoln, and the other 
on the coasts of Norfolk, Suffolk, and Essex ; or if 
these were included in the same district as the four 
large rivers, this district would be of great size. 
The author, after much consideration, has deter- 
mined to separate the Ouse from the other Fen 
rivers, and to make this No. 8 district consist of 
the basin of the Great Ouse, and all the country to 
tbe east of it. That portion of the basin of the 
Ouse, however, which is in the Middle Level, has 
been placed in the next district, so that the whole 
of the Middle Level might be in the same district 
as the Nene, from which it usually draws its water 
supply. 

The area of District No. 8 is 6,394 square miles. 
Its population in 1871 was 1,437,804, and its esti- 
mated population now is 1,483,329. It contains 
the whole of Suffolk, nearly the whole of Bedford- 
( shire, Cambridgeshire, and Norfolk; and parts 
of Northampton, Buckinghamshire, Huntingdon, 
£ssex, &c. The principal river basins are the 
Great Ouse, Tare, Waveney, Orwell, Stour, Colne, 
and Blackwater. The lias occurs only in the ex- 
treme west, in Northamptonshire. The lower 
oolite follows and extends to Buckingham and 
Bedford. The middle and upper oolites succeed, 
widening out in Huntingdonshire, where there is 
a considerable area covered by the Oxford clay. 
The greensand stretches from the south-west of 
Bedfordshire to Ely, its eastern boundary passing 
near Dunstable and Cambridge. It also forms the 
eastern border of the Valley of the Ouse, from a 
little below Elv to Hunstanton. The chalk forms 
a zone of considerable breadth, including the east 
of Cambridgeshire, the west of Suffolk, and the 
greater part of Norfolk. The eastern portion of 
this atea is, however, largely covered by newer 
deposits. On the eastern and south-eastern borders 
of this district are the tertiaries, belonging for the 
most part to the upper division, overlying the 
chalk. 

The runfall of the whole district, with the ex- 
ception, perhaps, of Leighton Buzzard, is less than 
25 inches per annum. 

Hie northern and eastern parts of the district 
are low, but in Northamptonsnire, and in the south 
of Bedfordshire, there are hUls of considerable 
elevation, and there are the Gojb^ Magog hills and 
the East Anglian hills in Cambridgeshire andNor- 
^ folk respectively. The Gbreat Ouse brings down 
large volumes of water in winter and spring, gene- 
rally causing extensive ffoods, but in summer its 



flow is comparatively small. Its sources are in the 
lower oolites, at an elevation of nearly 300 feet. 
The river basins are polluted, except in Essex, in 
the east of Suffolk, and in the north of Norfolk, 
Tho centre and east of this district have the green- 
sand and the chalk as their sources of water supply, 
while the extreme west has the lower oolite. The 
region most difficult to deal with will be that 
covered by the Oxford clay. This stratum is of 
great thickness, and contains very little water. 
Huntingdon, which is situated on this formation, 
has obtained a good supply from a gravel hill, to 
the west of the town. 

District No. 9, ob the LnrooLNSHiBE Distbiot« 

This is composed of the basins of the Nene, the 
Welland, the Witham, and the Ancholme, together 
with the small basins on the east coast of Lincoln- 
shire, and with that part of the Middle Level 
which is in the basin of the Ouse. Its area is 3,952 
sq^uare miles, and it includes nearly the whole of 
Lincolnshire, Rutlandshire, and Nor&amptonshire, 
with part of Huntingdonshire, Cambridgeshire, 
Norfolk, &c. Its population, in 1871, was 740,836, 
and its estimated population now is 781,709. The 
lias forms the western boundary of the district ; 
reaching to Northampton, Oakham, and Lincoln. 
The lower oolite is found along the valley of the 
Nene, from Northampton to Peterborough, and 
forms a band of considerable width through the 
centre of Lincolnslure, from the north to the south. 
The Oxford day of the middle oolite is not very 
extensively developed on the surface, but passes 
under and forms tne basement of the greater part 
of the Fens, except in the south, where it is replaced 
by the Kimmeridge clay of the upper oolite. The 
upper oolite, greensand, and chuk succeed one 
another in the north-east of Lincolnshire, from the 
mouth of the Ancholme to Wainfleet. The chalk 
is covered near the coast by more recent deposits. 
The rainfall of this district ranges from 25 inches 
to 20 inches, or even less. Twenty-one or 22 inches 
is ustudly given as the rainfall of the Fens. 

The soutli-eastem part of the district is flat, but 
in the west there are hills of moderate elevation, 
and in the north-east are the Lincolnshire Wolds. 
The Nene and Witham rise at an elevation of about 
300 feet. The Fen rivers bring down floods in the 
wet seasons, but dwindle to comparative insignifi- 
cance in the dry seasons. A great amount of labour 
and money has been expended on them during the 
last three centuries, but with only partially satis- 
factory results. 

The eastern part of the district is not coloured as 
polluted on the map of the Bivers Pollution Com- 
missioners, but the lower parts of the basins of the 
Witham and the Welland can scarcely be considered 
as being free from pollution. 

The south-eastern portion of the district will 
prove a most difficult country to provide for ; but 
that the difficulty is not insuperable is proved by 
the fact that the larger towns, such as Bostoui 
Spalding, Peterborou^, and Wisbeach, have suc- 
ceeded m obtaining good supplies of water at a 
moderate expense. 

In the north-eastern portion, the cretaceous 
strata may be relied on to furnish a supply. Mr. 
Shelford mentioned at the Congress last year that 
a large body of water finds its way from the chaDc 
wolda of Linoolnshire to the Qerman ocean. Th« 
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oountj of Northampton is remarkable for the num- 
ber of springs proceeding from the lower oolites, 
and in the south of Lincolnshire, in the district 
round Bourn, large volumes of water are given out 
by these strata in springs and wells. The Brace- 
borough Spa, which is still not utilised, is said to 
give a milhon gallons per day. 

The present supply to the villages in the Fen- 
land is most unsatisfactory, many of them being 
supplied from polluted shiulow wells in the sur- 
face g^vel, and others from the rivers and drains. 
Much of the lower part of the Nene basin and of 
the Middle Level has no source of supply except 
the Biver Nene, below where the sewa^ of Peter- 
borough is, or was until lately, x>onred mto it. Un- 
fortunately the lower oolites which ^ve such a 
liberal supply in the centre of the district thin out 
as they pass under the more recent strata in the 
east and south-east. Thus water cannot be 
obtained in the Fen-land by boring, but must be 
brought from a distance. 

District Kg. 10, or the Midlaio) District. 

This is formed by the basins of the Trent, the 
Derwent, and the Don. It is bounded on the 
West and South by the line of water-shed separat- 
ing the Biver System of the East of England 
from the North-West and South-West S^tems. 
There w£Q be no great di£Sculty in separatmg the 
Don from the more northerly part of the Hnmber 
Oasin, and pladng it under the same jurisdiction 
as the Trent. This jurisdiction will extend to the 
out-falls of thefe rivers into the Ouse. 

The area of this district is 4,732 square miles. It 
takes in nearly the whole of Derbyshire, Stafford- 
shire, Leicestershire, and Nottinghamshire, and 
part of Yorkshire, Linoolnshire, Warwick, &c. Its 
population in 1871 was 2,746,190» and its esti- 
mated population now is 3,133,837. The carboni- 
ferous formation forms the north-west of the 
district, and occurs in detached portions in the 
South. In South Staffordshire and South York- 
shire are ooal fields, while the mill-stone grit and 
mountain limestone cover a wide band of country 
in the north-west, in which are the sources of 
the Dove, Uie Derwent, and the Don. The per- 
mian adjoins the patches of carboniferous in the 
south, and forms a border on the east to the South 
Yorkshire coal-fidd» extending east to Notting- 
ham and Doncaster. The magnesian limestone 
in the valley of the Don has a considerable thick- 
ness. The trias occupies nearly the whole of the 
remainder of this district, leaving a narrow strip 
on the eastern border which is covered by the lias. 

The T nf^'*'«*'"»" sone of rain is that between 30 
inches and 40 inches. This occupies the north- 
west comer, and extends to Sheffield, and includes 
the west of Derbyshire, and the north and centre 
of Staffordshire. The next one, 26 to 30 inches, 
forms a narrow strip in the south-east of York- 
shin, covers the souUi of the district, and extends 
east as far as Leicester, Msoisfield, and Botherham. 
The rest of the district has less than 25 inches. 
In the Peak district of Derbyshire, and at the 
head waters of the Don, the hills are of consider- 
able elevation, but in the north-east of the basins 
of the Don and Trent are large tracts of low- 
lying land covered with aUnvium. The Trent and 
Don are snbieot to floodi> tod genarally have a 
nnmflidttable flow. Their wateit an polluted* 



There is abundance of water in this district* 
The head waters of the Don are already largely 
drawn upon for Sheffield and other towns, but in 
the north of Derbyshire are gathering grounds 
not hitherto utilised. Mr. Easton, in his evidence 
last year on the Thirlmere scheme, said that there 
are 20,000 acres available at the head waters of the 
Derwent and its tributaries, 800 feet above the 
sea, berides smaller areas, sufficient to provide the 
compensation water, and he estimatea the total 
available Quantity from the 20,000 acres at 50 
million jgallons per day. 

The ^mmissioners on Water Supply mention a 
scheme of Mr. Semington for bringing water from 
the hills of Derbyshire to London ; collecting it at 
a point above Mill Dale on the Dove* The area 
proposed to be utilised was 262 square milee. 
The rainfall was taken at 48 inches, and Mr. 
Bemington expected to be able to collect one- 
sixth of this, giving 83 million gallons per day. 

In addition to these upland waters, there exists 
a large reservoir of water in the trias. The 
area of the trias in the basin of the Trent is given 
by Professor Ansted as 2,500 square miles, but 
over a large part of this area the trias is covered 
by drift or alluvial gravel. The South Stafford- 
shire Waterworks and the Staffordshire Potteries 
Waterworks draw large supplies from these strata, 
and many of the towns situated on this formation 
are supplied with water from it — such are Birming- 
ham, JLeicester, Nottingham, &c. In Leicester- 
shire, where the hunter and permian beds are 
penetrated, the supply is enormous, and entirely 
unaffected by drv seasons, and it is pure and 
perfectly soft. (See First Beport of the Com- 
mittee on Underground Waters, appointed by the 
British Association). 

DisTEiCT No. 11, OB THE T0BK8HIBX DiaTTRicr. 

This is bounded on the north hy the basin of 
the Tees, and on the west by the Fennine Chein. 
Its area is 4,682 square miles, and it includes Hie 
greater part of Yorkshire. ^ Its population in 1871 
was 1,871,933, and its estimated population now 
is 2,167,202. It contains the basin of the 
Ouse, with^ those tributaries above the Tkm. It 
also contains the basins of the Hull, ftc, on the 
north of the Humber, and those of the Eak. and 
some other small rivers in the north-east of York- 
shire, which it is considered should belong to itam 
district rather than to the succeeding one. The 
lower carboniferous forms the western part of the 
district, and a small area of coal measures occurs 
in the south. The permian forms a strip across 
the centre, thinning^ out towards the nortn. The 
trias occupies a considerable area along the valley 
of the Ouse, from Bichmond to the outfall into ih& 
Humber, and also forms the valleys of the lower 
part of the Derwent and of the Aire. A band of 
Has borders on the north an^l west, the oolite 
hills of the north-east of Yorkshire. Tlie chalk 
wolds in the south-east of the district are fr^ged 
on the west by the greensand and the Kun- 
mcridge clay. £ast of the Biver Hull the chaik is 
coverM b^ recent deposits. A luge area of the 
trias is thickly covered with alluvium and boulder 
clay. The rainfall in the extreme west is between 
40 and 50 inches. The sone of 30 to 40 inches 
indades Hnddersfield, Bradford, and Bkdunond. 
That of 25 to 90 inches extends to Wakeftddt 
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Knaresbonrghy and Northanerton, and there is an 
isolated area on the hills in tiie east. The rest of 
the district has less than 26 inches. The western 
and north-eastern portions of the district are very 
elevated, the south-eastern being of less elevation. 
The eastern part of Yorkshire, including the basin 
of the Derwent, is unpolluted. The western side 
of this district is wdl suited for the collection of 
upland waters. The Ck>mini8sioner8 on Water 
Supply say that the Yorkshire manutaoturing 
towns can be well supplied from districts near to 
them. These districts already fnmish laroe quan- 
tities of water. At Leeds, Bradford, ana Halifax 
the supply to the suburbs and the towns is nearly 
20 million gsllons a day. 

The oolitio strata in the north-east, and the 
chalk in the south-east s apply the eastern side of 
the district. Mr. Mortimer, in a paper published 
in the 5dth volume of the Proceedings of the 
Institution of the Civil Engineers, says, that the 
area of the out-crop of the chalk of Yorkshire is 
about 420 square miles, with an average rainfall, 
of 27 inches, and that the extent of sub-aerial 
water-containing chalk is 780 square miles, whoso 
average depth may be taken at 350 feet. The 
TniwtmnTfi water line in the country to the east of 
the out-crop is in no case more than 300 feet deep. 



DlSTBIGT XO. 12, OB THE N0BTH»Eil8TBB:r 

DiSTBICT. 

This is the last district. It is bounded on the 
west by the moun1»inous water -shed separating 
the east and north-west river systems. The same 
dificulty occurs in this district as in No. 1. ; 
namely, that the northern boundaries of the river 
basins are not identical with the boundary be- 
tween Eni^and and Scotland. In calculating the 
area and population of the district, this latter 
boundary has been taken as the northern limit. 
In drawing up a working scheme, it would proba- 
bly be founa convenient, either to include the 
whole of the basin of the Till, a tributarjr of the 
Tweed, which would necessitate the takmg into 
the district of a small i>art of Boxburghshire, or 
else to exclude the catchment area of of the Tweed 
altogether. The area of tiie district is 3,405 square 
miles. It includes the whole or nearly the whole 
of Northuml)erland and I>urham, and small por- 
tions of Cumberland and Yorkshire. Its popula- 
tion in 1871 was 1,109,360, and its estimated 
population now is 1,336,013. 

The most important rivers are the Tyne, the 
Wear, and the Tees. The geological formation is 
almost entirely carboniferous, and chiefly the 
carboniferous limestone. There is a coal-field in 
Durham, and the south of Northumberland. The 
permian occurs in the east of Dnrham, and the 
triasin the extreme south-east, from Hartlepool 
to Darlington. There are trappean rocks in the 
Cheviot HQIs, and they form the dykes which 
traverse the district. 

The rainfall, according to Mr. Symons' map, 
does not exceed 50 Inches. There is a fall of be- 
tween 40 and 50 inches in the north-west, from 
Haltwhistle northwards. The 30 to 40 inches zone 
extends to about the middle of the district, and 
the 25 to 30 inches occupies aU the remainder ex- 
cept to the east of Durham and Darlin£[ton, where 
it u IflSi tlm 35 inches. This district is a moun- 
tsinouB one, the Pennine and Cheviot WSIb lunng 



to great elevations. The river basins, north of 
the Tyne, are unpolluted. 

The water supply to many parts of this district 
is at present unsatisfactory, being drawn from 
rivers polluted by sewaee. Some of the towns, 
however, have sought and obtained purer supplies. 
The permian in Durham yields unusually large 
supphes, aod it is stated in the third report of the 
British Association Committee that 5 million 
gallons per day are pumped from an area of 50 
square miles without altering the level of the 
water. This is used ior the supply of Sunderland 
and the adjacent district. Other towns are sup-' 
plied by springy from the mountain limestone; 
and others, again, as, for example, Newcastle— 
from upland p^thering-grounds. 

These districts would not be entirely independent 
of one another. Canals and drains, in many in- 
stances, take water from one district and convey it 
to another. Thus, the Foss Dyke goes from the 
Witham to the Trent, the Middle Level Drain from 
the Nene to the Ouse, &c. Some cases occur in 
which a town situated in one district obtains water 
from another ; as, for example, Wolverhampton, 
Wisbech, and Dewsbuxy. These and other pointj 
could be easily arranged between the different 
bodies of Commissioners. 

In conclusion, the author hopes that it will be 
remembered that this scheme is only put forward 
as a suggestion, not as a final or working scheme. 
Before any working scheme is drawn u|), it will be 
necessary to have a thorough examination made of 
all the sources of water supply available in the 
country. Very little is known with certainty as 
to the amount of rainfall which can be collected in 
any district, either as upland water, or as sub- 
terranean water. Accurate information is also 
needed as to the existing water supply to every 
town and village in the kingdom, and as to the 
gathering grounds already utilised for the col- 
lection of upland surface water. Very few of the 
rivers have been regularly gauged, so that it is 
impossible to ascertain what proportion of the 
total rainfall reaches the rivers. All these points 
must be gone into before a satisf actoiy scheme for 
the water supply of England and Wales can be 
made. 



SCHBDULE OF FbOFOSSD DiSTBICn. 



Number. 


Area Square Miles. 


Estamiited Fopulatioii. 


1 


6,613 


4,446,157 


2 


5,369 


1,205,021 


3 


7,053 


1,856,754 


4 


5,103 


1,264,767 





2,798 


637,638 


6 


3,067 


1,225,214 




5,172 


5,804,351 


8 


6,394 


1,483,329 


9 


3,952 


781,709 


10 


4,732 


3,133,837 


11 


! 4,682 


2,167,202 


12 


3,405 


1,336,013 


Total 


58,320 


25,341,992 


I 


Population in 1871» 


22,704,108. 
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ESSAY BY JOSEPH LUCAS. 

Hotto—" Gntta cavat lapldem, non vi» sod nepe codeodo." 
AWARDED A SILVBB MEDAL. 
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AREAS AND BOUNDARIES OF DISTRICTS. 



A. — Objections 



TO Exisrmo 

B0tT2n)ARIES. 



Areab axd 



« Existing boundaries arc altogfether indcpendeot of! 
sanitary considerations*. Thev fiequentlj cut a tow of 
houses in half, and an urbsn oiBtriot terminates in d» 
middle of a street."t . . . ** SeTeral boundaries of ad* , 
joining districts sometimes converge and meet in Um 
centre of the most populated part of the distriot^." . . 
*' If areas are extenaye, they oonstantly lead to com- 
plaints on the part of sections of the community of 
rural districts, tnat practiciUly they are not represented, 
on the governing* Dody, that the meetings of the 
authority are far away at the other end of the districts, 
and that no interest whatever is taken in their concent 
by gentlemen who live at a distance^.'* . . . *' On the 
other hand, if areas be small, it is mipossible to pro* 
vide and properly remunerate officers duly qualified for 
the important duties they should disahargejj.*' 

Local administration under ^ " central Baperin* 
tendence" was the gist of the recommendation of 
the fertile report of the Sanitary Commissioners of 
1869. They say :— 

" Hie Bmallness of the parochial unit minimises the 
material for public officers. Imperfect local admini»* 
tration has been the natural result. Locml admistf* 
trationmust be maintained, but simplified, strengtheiud, 
and set in motion.**" 

In consequence of these reoominendation8,tt t]i< 
areas of umons were made sanitary districts, snd 
Board of Qnardians were made sanitary autfaozi- 
ties, while the Local Government Board wai 
created and made the central authority. [34 and 
35 Vict., c. 70.]U 

In this, the substantial part of their recommen* 
dation, that "local administration must be main' 
tained, but simplified, strengthened, and set in 
motion " appears to hare been swamped. While 
there is still wanting '* a real motive power, and 
an authority to be referred to for gudanoe and 
assistance by all the sanitary authoritie8,$$ some 
organisation nil corresponding to the Ordnance 
Survey and the Gteological Survey, which should 
really bring before the local bodies, before thej 
acted, the means by which they might act, and the 
resources with which they had to d^," the Local 
GoYemment Board, for want of the very same 
kind of information, being unable to suggest a 
remedy applicable to such small areas of couectioa 
and distribution of water supply, and of taxation, 
as those with which they frrauently have to deal, 
have found ^ it impraoticable^flF to put into execu- 
tion the compulsory powers conferred upon it by 
the Public Health Act (1876.) [38, 39 Vict c ^.1 

It simply comes to tms, where compulsion woula 
be necessary it is because the areas are too small 
for the authorities to act without jpressure, and for 
the same reason too small to admit of thatpressuis 
being effectively applied ; and, where areas are lar^ge 
enough, no pressure has beenfound to bo necessary. 



Ill 



The WorUajT of the Buitur AcU in Rvnl Diatricti." ^ 
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I. — StJOOESTIOXS AS TO NEW DlSTRXCTS. 

A8 to Watershed Areas* — ^Popular opinion, 
ig the last fifteen years, has ripened to a 
. at which all authorities are agreed as to the 
sity of making the watershed area the unit of 
nistration for water supply (among other sub- 
),* and I am of opinion that, for the purposes 
iter supply, there should be districts and sub- 
lets, formed by (t) the grouping and (J) the 
ivision of these units. 

.) Illustration of Grouping on a large scale {an 
me instance), — (1.) On the east coast and else- 
re, there are several small basins containing 
e and growing towns, such as Colchester, sup- 
1 from wells sunk in the chalk (and tertiary 
ta), whose gathering groimd is at its outcrop, 
« to the west, and which has a well-known 
Dsive range. There are numbers of these little 
ns east of the chalk range, which form a 
iral group from the southern limit of the 
lines basin to the Wash. The same regime ob- 
ts to the coast of Lincolnshire and of Yorkshire. 
) several basins draw upon a common source, 
I should exhaust their resources upon one prin- 
le, and subject to Watershed Boards ; § the ad- 
listrative machinery should be so designed as to 
nit of their doing so. If it ever becomes neces- 
7 for them to look further west, an extended 
plication of the powers conferred upon the Local 
•vemment Board [38 and 39 Vict., o. 55, 270, 279] 
alter the boundaries,!! effect the union of dis- 
£t8, and to enable one to supply another [38 and 
>Vict., c. 55, 61] would be necessary. This is 
^▼en as an extreme instance of a case that may 
ten arise, and in explanation of many of the 
roTisions suggested below, all of which are exten- 
ODs of powers already contained in Acts of Par- 
ament. 
(iii.) Subdivision. — Subdivision of basins would 

mow Clause 33 of 
i79. 



the Bivers Conservancy Bill, 



C— WaTEBSHBD BOAltDS. 

I tbcrcfore suggest a^in, what has often been 
uggcsted before by ol£ers, viz., the creation of 
vatcrsbed Boards^ to deal with the question of 
^ter supply, subject to the constitution, control, 
md restrictions, and with the powers and duties, 
»ttgge8ted below. 

D.— CoMMissioNEEs' Districts. 

(a.) Commissioners' Districts. — England and 
Wales are mapped out into three Commissioners' 
districts, and these three districts are further 
divided into (6.) Sub-Commissioners' districts, each 
consisting of aggregates of watershed basins, 
administered by Watershed Boards, (a. ) The north 
of England is made one Commissioner's district, as 
shown on the maplf ; the Midland Counties and 
Wales another;** and the Southern Counties a 
thirdjtt on the principle that the rivers flow east and 

i.' ^- Report Roy. Son. Com., 186», p. 89. 2. Lord Robert Mon- 
jmS- P' •^.:. 8' R«P*»rt of Roy. Han. Com. on R. Hyde, 1876, pp. 
r,f T ' ,*^^>- *• Report Connervancy Boardii Committee House 
A«iT^' ^^^' PP- iv» V- 4«- Bivers CoMcrvancy BUI, 1879. 6. 
™ numcrouij private authora. 

» 511^ Conservancy Bill, dauMs 87, 40. 

♦ «»veni Conservancy Bill, danse 88. 

« Ueport Roy. San. Com., 1809, p. 39. 

r ^**^"»Conserviuicy BiU, 1879, clauses 30, 40. 

•• o ^x?]1^®^ Commissioners District, 
2. Midland Commissioner's DiBtrict. 

^ 3. Southern Commisdoner's Diutrict. 



west, and the mountains and geological lines run 
north and south. By this arrangement, each Com- 
missioner's district gets its full share of mountain, 
plain, and geological strata. Again, the three 
localities of highest rainfall, the lake mountains, 
the Welsh mountains, and Dartmoor, accord well 
with these divisions, each of which gets its share 
of the wettest and driest areas. 

(6.) 8uh' Commissioners* Districts,— The Sub- 
Commissioners* districts are formed by dividing 
each of the east and west belts, or zones,^ formed 
by the the three Commissioners' districts, into two 
parts, sepatated by the north and south backbone 
watershed lines, in the Northern and Midland 
districts, and the southern limit of the Thames 
basins as far as, and then along, the western 
limit of the Arun basin, in the Southern districts. 

E. — Eainfall. 

The rainfall of the Commissioners* and Sub- 
Commissioners' districts is made to appear upon 
the accompanying map ; and is also stated in 
detail in Tables 1 and 3 of Appendix B*, the 
authority in each case, of course, being Mr. 
Symons. 

F.— Geology. 

As the areas of administration of the proposed 
Watershed Boards have to be determined, not by 
these essays, but by the inhabitants of the severed 
watersheds, I have arrranged the 215 watersheds 
given on the ordnance map into 36 natural groups, 
each of which groups stands so related to the 
watershed basins contained in it, that a statement 
of the rainfall* and geology of the group applies 
to every basin within the group. Several of tnese 
groups are single basins. The groups are only for 
the purpose of illustrating the geology and rainfall 
of the basins, and are not suggested '* districts." 

G.— PorTnATioN. 

Table 2, Appendix B, shows the population of 
each Sub-Commissioner's district, and ol each 
county and part of county in the district. 

The population of the suggested Watershed 
Boards' districts cannot, I take it, be stated until 
the populations have determined the districts. 
What may be the least area and the least popula- 
tion capable of managing its own water supply 
would be difficult questions to answer; and, I 
doubt not, that any suggested appointment of 
favourite gathering groimds would prove imaccept- 
able to the interests most affected. For instance, 
the Dee falls into a natural group with the 
populous basin of the Mersey, and if the matter 
could have been prescribed, the Deo basin would 
long ago have supplied the Mersey basin. 

This essay suggests the creation of facilities for 
establishing Watershed Boards, on the lines of the 
Rivers Conservancy Bill, but does not go so far as to 
prescribe the areas of these districts, which will all 
have to be fought for. 

H.— COXSTITUTION OF WATEKSHED BOABDS. 

(i.) Respecting the Claims of Boards of Ouardians 
to be represented on the Boards. — ^Though much abuse 
has been hurled at Boards of Guardians since their 
erection into rural sanitary authorities, it is certain 
that the remedies for the evils complained of hAVQ 



• Appendix B., Tftbki 1 SDd a. 
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neiiber been cheap, nor ensily applied in many 
cases ; and the Boards were ably def«>n<le4 by Dr. 
Syson, at the Congress on National Water Supply, 
1878.* He says :— 

''They ought to elevate Boards of Goardians and 
sanitary authorities, by entrusting them with more 
power. He beUeved local sanitary authorities in the 
country had done their duty very fairly, and, to a 
certain extent, bravely ; but the great obstacle was the 
Local Government Board, which would not allow them 
to work without such an amount of red tape that they 
dare not attempt it.*' 

Both evidently being in the same diletnma, not 
knowing what to do. 

Mr. vigors, a member of a rural sanitary 
anthority, or Board of Guardians, having direc- 
tion of a union of 44,406 acres, with a population 
of 22,949 persons, including several perfectly 
rural districts, saysf :— 

" The district was managed by a Board, aittiiig once 
a fortnight, and the representatives who formed the 
Board hSid as much sympathy with each other ae oould 
well be imagined. Those who represented the nural 
districts came there, apparently, for the express pur- 
pose of resiBtinK any propossl which appeared to involve 
expenditure of money, so that anythinK which was 
proposed for the bend&t of the towns and villages was 
swamped at once. There was not a sufficient number 
of Guardians who took interest in any plans of im- 
provement.*' .... "His own opinion was" .... 
" that instead of similar matters bemg left in the hands 
of Boards of Guardians, there should oe a Board elected 
by the owners of property in the several districts.**} 

He then quotes from Mr. Michael's paper :— 

" ' Whatever may be the character and ability of Sani- 
tary Boards, it is upon the ability and character of their 
officers that success must depend.' He thoroughly en- 
dorsed that remark. It was utterly impossibk for a 
Board of Guardians, meetinp^ only once a fortnight, to 
even partially master the difficulties with which they 
had to deal.*'^ 

KoW) as many Boards of Guardians appear to be 
provided with a sanitary officer, who is not paid 
to devote bis whole time to his work, it is not lucely 
that he, any more than they, will bo able to grapple 
with difficulties which have baffled the Local 
Government Board, with all its scientific appliances. ' 
It is true there is a scientific staff attached to that 
Board, but it is too lofty, and out of the reach of 
nural sanitary authorities. I submit, therefore, 
that the case of incapacity against Boards of 
Guardians is not proven, for whatever proves them 
to be incapable proves equally the inemcacy of the 
antidote in the Local Ghovemment Board. i 



Sow RepruenUd* 

One or more elected mem- 
ber. 

As in Rivers Conservancy 

BilL 
As in PubUc Health Act, 

1875 [38 and 39 Vic, c. 

65, 6]. 

I therefore suggest that one or more repre* 
M&tatiTes from each Board of Guardians within 



InUrmU R^prennted ch 

Wdfenhml B—rda, 
Urban Sanitary Authori* 

Rural „ „ 

Owners and oocupien of 

Und. 
Town CoundlB. 



.^—.^^oaKattonaWaiarSaiinlr, 1876. Bint., p. 9. 
i •<Th0 Workii^of the BuUuy Acta in Rand l>ii«triotJs" It 
W. H. MfciieD. Tnm. Inst 8 iu ?ej ui» , vol. viii., p. S68. 

t •«fMirHQk,"paf«as(Mse. 



the watershed area should sit upon the Watershed 
Board, according to the rateable value of the pro- 
perty witbin that part of the union lying witbin 
the watershed area. 

2. Ab to the RepresenUxtion of Landownera. — ^That 
the landowners be represented in a manner similar 
to that adopted in the Rivers Conservancy Bill, 
1879, now before the House of Lords, as modified 
below. Clause G of that Bill meets all require- 
ments for the formation of Watershed Boards for 
water supply, as far as regards sanitary authorities 
and landowners. 

3. Ab to t?M JiofruetUation of Totmi$. — In any 
Watershed Board for water supply, however, towns 
must be represented. I would add to the above 
constituents Town Cotmcils, represented in pro- 

Sortion to rateable value of property within tneir 
istricte. 

4. Miscdlaneous Suggestions bearing on the CoH" 
stitution of Watershed Boards, — ^The only sugges- 
tions I have discovered bearing on the difficult 
q^uestion of the constitution of watershed autho- 
rities — ^upon which the extent of the area of 
administration to a certain extent depends — are 
those contained in the paper of Lord Robert 
Montagu on Watershed Boards ; * in Sir John 
Hawkwaw's report on the Clyde ;t and in the 
parallel case of the Rivers* Conservancy Bill, 1879. 

J.— The Local Goverxment Boabd ab a 
Central Authority. 

It seems to commend itself that the Local 
Gbvernment Board should remain a central au- 
thority, to which Watershed Boards, under the 
wing of their several Commissioners should be 
affiliated. 

S:.--C0MHISSI05£R8 OF WaTERAHSD BoABDB* 

The Local Cbvemment Board being above the 
three Commissioners, would then act not only as 
a Court of Reference and of Appeal, but would, by 
presiding in conmion over all the affiliated Water- 
shed Boards, secure ** uniformity of action."! Sir 
John Hawkshaw, in his report on the Clyae,§ in 
recommending the appointment of Commissionera 
of the Clvde, having jurisdiction over the whole 
basin, rightly estimates the value of this, for he 
recommends similar Comnussions for all other 
basins, '* with an officer in common, to secure uni- 
formity of action. "II For ''an officer in common," 
whose position would be far from enviable, I would 
interpose ihe Commissioners, leaving the Lo^ 
Gbvemment Board, with their sdentmc staff, just 
as it is. 

L.>-A8 TO THE ApronmcENt OF AX Ekodteir 
ASD Staff to Watbesusd Boabd. 

Xow, as Mr. Vigors and Mr. Michael remark, it 
it is upon the character and ability of the officers 
of the Board that success must dependi and it is 
necessary that the whole time of those offioera 
should be given to their work. Again, sinoe the 

scientific staff of the Lical Government Board is 

— 

* Lord Robert MontHnic* ]»per on "Watcrriied Boards.** 
Rffpoit Roni Hanitaty Coniiiiiari(m« p. 84T. 

t Sir Joiui UawkHhaw, report on roUation of CUdsi p. zzriti. 
PnbUc Health Act, 1676 V»km VkA., c. 6S, S . 

t Ij^tiet on Watetuhod Boarda, liora Robert M aotainb Bond 
AmitaiT Com., p. 347. Tha Woridag of the "-- *^— a-i^ i^ 
Rural DiiCricta, W. H. Xidiael, TVaaaac. In 
Tiii. p. S76. 

I Report ol RojnU Gom. on R. Oydo. 

II P. aoiz. 
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too small to give const^mt, detailed, and compre- 
hcnrivo attention to all parts of the 37,319,221 
acres in England and Wales, and of too lofty a 
description to do drudgery for "Watershed Boards, 
and not possessed of the necessary scientific know- 
ledge of the hydrogcology of England and Wales, 
and from being formed for, and employed upon, 
other work, I think that each Watershed Board 
should have its own engineering, but not scientific 
staff.* 

M.— SUGOESTTONS ReLATTNO TO AHEAS AND 

BoimDABiEs, AS Fabt of a Bill to Make Pbotision 
FOB THE AnscnnsTRATiON OP Watks Supply. — 
Adapted with Modifications fbox the Ritzbs 

CONSEBTANCT BiLL. 

PrelimitMry* 

1. This Act may be cited as the Watershed Boards 
Act. 

2. This Act shall not extend to Scotland or Irdand. 

Prorecdingi for ettablUhing IFaterahed Board. 

3. The Local Govemment Board may, on application, 
and after local inquiry, and with the sanction ai Parlia- 
ment, establish a local Watershed Board, for the 
admixiistration of wsier supply, in a district oonsisting 
of the whole or an^ part of the basin of the xiver, or 
the basins of the nvers. 

The application may be made by any ten or more 
oimers (rf land, of an aggre^te rateable value of one 
thousand pounds, within the basin or baons, or by any 
sanitary or municipal authority whose district is wholly 
or partly within the basin or l>a8ins. 

The ap])lication shall describe, by reference to a map 
or otherwise, the district for which it is proposed that 
the Watershed Board be established, and shall be in 
such form, and contain such particulars, and be accom- 
panied by such information as the Local Government 
Board from time to time require. 
^ 4. The Local Gk)vemment shall take into considera- 
tion mj application made to them for the establishment 
of a Wateruied Board, and, on being satisfied that a 
prima facie case has been made put for the establishment 
of the Board, and that sufficient provision has been 
made for the expenses which may be be incurred by the 
Local Gknreinment Board in connection with any local 
inquiry directed under this section, shall direct one of 
their inspectors to hold a local inquiry as to the expe- 
diency of establishing a Board, and as to the limits wmch 
should be asdgned for the district of the Board. 

Notice of the inquiry tihall be gfiven by advertisement 
and otherwise as the Local Gbvemment Board direct. 

5. (1.) If after the local inquiry it appears to the 
Local Govemment Board expedient that a Watershed 
Board should be established for the proposed district, 
or for any part of the proposed district, with or with- 
out, in either case, the addition of any adjacent area, 
the Local Government Board shall prepare a draft pro* 
mional order for the estabUshment of the Watershed 
Board, defining^ the limits of the district, specifying the 
|s&ds, if any, excepted from the district, and the Itrnds, 
if any, exempted from the rates of the board, dedaiinff 
the number, and (subject to the provisions ox this Act) 
the constitution of tiie Wdtershea Board. 

(2.) The Local Govemment Board shall cause printed 
copies of the draft provisional order to be deposited with 
the derks of the several sanitary authorities for districts 
▼holly or partly comprised in tne district defined by the 
<h«f t order, and ihe copies so deposited shall be open to 
mspection, without fee, by all owners of land and rate- 
psyers within that district. The Board shall also cause 
Aotioe to be publi^ed of the deposit and of the time and 
^soe, or times and places, at which one of their inspectors 
^ attend to hear any objections to the draft order. 

• KatiwiAl Wiitw Supply Congrcsw, Sir H. Cole, p. 30 ; Joecpli 
rtWTf p. 5S, 
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(3.) Afterreceiving the report of their inspector with 
respect to the dnit order, the Local (Government Board 
may, subject to the provisions of this Act, make the 
provisional order, witn such additions and modifications 
as to them seem expedient, but the order so made shall 
not be of any validity until it is confirmed by Act of 
Parliament. 

Comtitution of Waterahsd Board, 

6. (1.) A Watershed Board shall consist of life mem* 
hers and elective members. 

(2.) Life members shall be in the first instance named 
in the order establishing the Board. 

(3.) Elective members shall be elected from time to 
time by the sanitary authorities, for districts wholly or 
partly within the district of the Board, and each sani- 
tary authority shall elect at least one member. 

(4). The Ufe members shall not be less than one-third 
of the total number of members of the Board. Each 
life member must be qualified, by being the owner of 
land within the district of the Boiund, of an annual rate- 
able value of three hundred pounds.^ He shall, subject 
to ^e provisions of this Act, be entitled to hold office 
for life. On his office beoominfl^ vacant, the vacancy 
shall, as soon as may be, be fillea by the Board. 

(5.) The elective members, or, if more than one 
member is elected by any authority, then not less than 
one-half of the members elected by that authority, 
must be severally qualified by being owners of 
land within the district of the iSoard of an aggregate 
rateable value of one hundred pounds. The elective 
members not so qualified must either be, or be qualified 
to be, members of the authorities by whem they axe 
severally elected. The term of office of each elective 
member shall be three years, but he may, if qualified, 
be re-elected. 

7. (1.) On the passing of the Act confirming an 
order for the establishment of a Watershed Board, and 
within the time, if any, limited by the otder, the Board 
shall be formed in manner directed by the order. 

f2.) A Watershed Board, when formed, shall be a 
boay corporate bearing the name given to it by the 
order by which it is established, with perpetual succes- 
sion and a common seal, and having power to hold land 
for the purpose of this Act without any licence in 
mortmain. 

Miteellaneoui BrovUioM, 

A Watershed Board may divide their district into 
sub-districts, consisting of areas drained by any tribu- 
tary stream or streams fiowing into any river within 
their district, and may from time to time alter the 
botmdaries of any such sub-district. 

A Watershed Board may, from time to time, appoint 
out of their own number as many persons as they tnink 
fit, for any purposes of this Act which in the opinion 
of the Boara would be better regulated and managed 
by means of a committee. But a committee so appointed 
shall in no case be authorised to borrow any money, to 
make any rate, or to enter into any contract, and shall 
be subject to any reg^ulations and restrictions which 
may be imposed by the Board, &c., &c. 

Every Watershed Board shall make an annual re- 
I)ort, in such form and at such time as the Local Grovem- 
ment Board from time to time direct, of all works 
executed, and of all sums received and disbursements 
made by them under and for the purposes of this Act 
during the preceding year, and shall send a copy to the 
Board, and publish another copy in some local newspaper 
circulating m their district. 

A Watershed Board may be established for, and its 
district may include the basins of, two or more rivers. 

The Local Govemment Board may from time to 
time, bv provisional order, alter the boundaries of a 
Watershed Board district, and adjust any rights or 
liabilities affected by tiio alteratioii. 

The Local Government Booird may irom time to 
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tiine, by provisioiiaL order, on the application of any 
two or more Watershed Boards, dissolve them as separate 
Boards, and reconstitute them as a single Board for a 
district consistuig of the districts of the former boards, 
and make such provisions as to the mode of constituting 
the new Board as may be necessary or expedient for that 
purpose. 

Thereupon, subject to any special provisions contained 
in the order, the rights, powers, estates, and property 
rested in the old boards shall vest in the new board, 
and all the liabilities and obligations of the old boards 
shall be borne by the new board, and tiie old boards 
shall be discharged from all such liabilities and obliga- 
tions, and the new board shall be deemed to be the 
successors of each of the old boards. 

Any sanitary authority appointed, or acting by 
or under any Act of Parliament for any disbict oom- 
TOnsed wholly or pai^tially within the district of a 
Watershed Board, whether the powers of the authority 
under the Act do or do not extend beyond the district 
of the Watershed Board, may, if it seems to them ex- 
pedient, at a meeting called for that purpose, transfer 
to the Watershed Board, with the consent of that Board, 
but not otherwise, all the rights, powers, estates, pro- 
perty, and liabilities of the authority under the Act or 
•therwise, &c. 

N.— Eesumb. 

We should thus have Watershed Boards estab- 
lished over one or more river basins, by provisional 
order of the Local Goyemment Boarii, after due 
local enquiry, upon application, of landowners, 
sanitary authorities, or towns, situated within the 
watershed basin^ or basins. 

O.— Miscellaneous Considbbations Te>t)Ing 
TO THE Establishment of Watershed 

BOABDS. 

There can be no doubt that if the dual interests 
of town and country, as aboye suggested, were 
brought under the operation of one Board, the 
matter would work well and quickly. 

For sundry reasons connected with rating, taken 
in connection with the accepted principles* of (1) 
the expediency and adyantage of consolidatiog the 
water supply imder public control ; (2) the advan- 
tage of nialang it embrace large areas, especially 
in reference to the groups of towns in manufac- 
turing districts ; and (3) the encouragement given 
to small towns and rural districts by the pro- 
yisionf recently applied in the case of the Thirlmere 
soheme, that places along the line of an. aqueduct 
may be supp&ed' therefrom. Towns as w^ as 
country dismcts would seek the establishment of 
Watershed Boards. 

P.— As TO ADVISAfilLITY OF INTEEPOSINO CoM- 
laSSIOlTEBS BETWEEir WATERSHED BOARDS 

AXD THE Local Gk)y£RNMENT Board. 

Now, from the yery large number of Watershed 
Boards (eyen when roducra to a possible minimimi 
by j^ouping, of about 61) it would appear ex- 
TOdient to interpose between them and the Local 
Gfoyernment Board, a Commission of three, com- 
posed in the following manner : — 

1 . A C!ommissioner of the Northern Boards. 2. A. 



• BoyaX Commiwinffi on Water SnppW, 1889, Piut V., 8«o. IV., 
I MS, MB. and pp. coii-oxziii. Rojal San. Com., Report, p. 8, 
ObMrratiou, pp. I^IS. Bojral Com. on Water Sopplj, ) S68, 
p.G3anrtii I88l,p. oocviiL Do., do., Fart VL, ) S6S, p. coezt. 

•f Royal Com. on Water Sopply, 1809, Put VI., I 256, p. cxxy. 
Stk Report RiirvnlVilhitioaCommiaidon, p. 480. Report of Select 
Oonunittae on PobUe Health Act (1876) Amendment Bill, 1878, 
Fart IV., 1 17. p. TiL Vational Water Supply Oongren papcn, 
Ji F. BateBwa* J. W. W. Boidi £. I^anUaad. 



Commissioner of the Midland Boards. 3. A Con- 
missionerof the Southern Boards. — ^£ach liaTxnf 
charge of the district shown on the aooompanyiag 
map. 

Q.— Province of the Three CoMiassioarERS. 

The province of the three Commissioners would 
be — (1), To answer inquiries by the liocal Goyen- 
ment Board, respecting their large districts ; [i). 
To make annual reports to the Local Goyemmeet 
Board ; (3), To be consulted by the Waterslwd 
Boards in their districts, and to confer with them 
and aid them in their deliberations upon the 
merits of new schemes, the pollutions of under- 
ground waters, and other questions. 

R.— Duties of "Watershed Boards. 

The duties of the Watershed Boards would be— 
(1), To conserve the interests of the water systems 
underground, and to remove causes of pollution by 
cesspools, dry wells, &c. ; (2), To hear compbints 
from any part of their district, as to deficient water 
supply, and, if they deem proper ; (3), To adyertue 
for competing schemes for supplying the pari 
of their district in need of water ; (4), To examine, 
with the aid of their Commissioner, the schemes 
propounded, so as to determine whether all local 
sources have been tapped, and if satisfied with any 
of them, to pass it to their Commissioner, with in- 
structions to forward it to the Local Qoyemmect 
Board, who may, if they please, order any further 
inquiry ; (5), To veto any scheme which does not 
pass the examination by themselves, in concert with 
their Commissioner ;* ^6), To enforce the due per^ 
formance of the proyisions of the parts of the 
Public Health Act, 187d,t relating to water suppJj 
and the Public Health (Water) Act, 1878 ; (7). To 
levy rates ; (8), To report annually to their Com- 
missioner, who would make general report to 
Local Gbvemment Board. 

S.— PovTERS OF Watershed Boards. 

They should be empowered^ to purchase lands, 
purchase or construct waterworks and reseryoirs ; 
to put water into them§ when made; and to 
distribute water within their district, &c., &c.| 

T.— DTOES of SUB'COMMlSSIOySRS. 

Each of the three Commissioners should haw s 
staff composed of two Sub*Commis8ioners« wh^i 
would assist him in his duties in the Sub^Comsm- 
sioners' districts, shown on the acoompanyinff map. 
with such other temporary or permanent assistance 
as they might require. 

U.— President of Local QovsRifHRirr Board tvi 

RETAIN PRESENT FUNCTIONS AFTER BSTABLISH* 

HBNT OF Watershed Boards, &c. 

Finslly, at the head of all would be the President 
of theLooal Goyemment Board,5[ who wonldanswcr 
in Parliament all questions ooxmected with water 
supply.** 

* Royal Sfinitazy OomiiuBiian 188D repoit, p. Sp. 
i 38 & 80 Vict, c. 65, 62. 
t 88 0., 80 Vict., c. 55, 61. 53. 

I National Water Siq^ly Congren, Diac, De Raaea, p. & 

II 88^80 Vict., 0.65,51,68. 

^ Royal aanitanrCommiMioii, 1860, Repoft, p. SS. Bknn Con* 
aervancy, Bntidi Amodatioii, Eatton, p. 91. 

••Report of Royal SaidtairConuBiMioiu 1810. I%p««BWat»> 
•hed Boards (Loid Robert MontaffQ), p. 847. 
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V. — ^AS TO APPOINTME^rr OF COMMISaiONBBS. 

The three Commissioners should be appointed by 
the Ch-own (and not by the Local Government 
Board), but they would hold permanent office. 
The six Sub-Commissioners should also be appointed 
by the Crown • with permanent office. In the W ater- 
shed Boards the elective members would hold office 
for threeyears, but would be eligible f or re-eleotion. * 

W. — Genebaij View of the Advantages of the 
Suggested Abbangehext. 

The advantages of this arrangement would be 
that (1) the areas administered by Watershed 
Boards would be large enough to be properly dealt 
with, which the existing areas are not; (2) that 
the Watershed Boards would have the Oom- 
missioners and Sub-Commissioners resident in their 
districts, famihar with their wants, working with 
them, and, for this reason, having amongst them 
the very hig}iest scientific attainments and know- 
ledge (for the qualifications of a Commissioner 
should be a high one)t accessible, without an 
amount of red tape that now renders the scientific 
staff of the Local Government Board to a 
great ea:tQnt useless to country districts;}; (3) 
that it would be to the interest of the Commis- 
sioners to see water supply properly carried out, 
whereas at present nobody but the engineer who 
prepares the plans and carries out the work cares 
anything about it. (4) That the Local Government 
Board§ would have nothing to do with it, beyond 
panting provisional orders, and perhaps, in rare 
inRtances, putting their veto on some scheme. (5) 
The people would find out, and gladly, that they 
were acting for themselves, carrying out their own 
schemes of improvement in water supply, and with- 
out the depressing sense of the existence of a 

* Bivers Conflenranoy Bill, dause 6. 

t National Water Supply CoDgresa. disc. (Dr. Syson), p. 0. 

t NatioQAl Water Supply Congxeaa. Papers (F. B. Cooder), 
p. 40. 

\ Ro^ Sanitary Commianon, 1809, report : — The central 
authority reoommended (which i>rDyed to be the Local Govern- 
ment Board) <* must not take to itaelf the actual work of local 
government— should have direction only. It must steer clear of 
the work on which the General Board of Health was wrecked ; for 
K> comnletdy is self -^rovemmcnt the habit and quality of English- 
men, that the countiy would resent any central authority undetw 
taking the duties of the local executive'^' (pp. 35, 36). 



superior authority immediately ahove them, always 
ready to press them rather faster than they are 
inclined to move, a state of things which h&s pro- 
duced a deadlock with the Local (Government 
Boardjl (which was intended to be the mainspring 
of action) and local authorities. (6) That in the 
rare cases in which the Local Government Board 
may refuse a provisional order, the action is not 
direct, but there is the Commissioner as a cushion 
in between to bear the brunt,5[ &xid who, doubtiess, 
will be well paid to bear it.** 

X. — CoNCLxrsiON.tt 

Thus the real mcdnspring in the provision of 
knowledge by the Hydro- Geological Survey, and 
the independent co-operation of the Watershed 
Boards with their Commissioners, would, no doubt, 
soon produce the good result of placing the water 
supply of the country in a satisfactory state4t ^ut 
there is a great deal to be done, not the smallest 
part of which is the education of the people them- 
selves in sanitary subj ects.§§ When wH they learn 
that it is cheaper to pay for pure water, than for 
the father of a family to be killed by a fever, gene- 
rated by drinking the polluted water of his own 
well, and, may be, leave ten or a dozen weakly 
children, from the same cause, dependent upon the 
poor-rates ? 

The scheme which I have the honour to suggest 
is the natural outcome of the progress of popular 
opinion during the last fifteen years ; and, if there 
IS not any original suggestion in the paper, the 
combination is, perhaps, new, and ought, at least, 
to work satisfactorily. It is not by any one great 
effort that the vis ineriicB is to be overcome, but by 
the constant dropping which suggests my mottOi 
— Gutta cavat lapidem, non vi, sea scspe cadendo» 

II National Water Supply Congress, discnasion, O. W. Child, p. 7. 

IF Report Boyal Sanitary Commission, 1869, letter on Watershed 
Boards, Lord Robert Montaerue, p. S40. 

•^ The Working of the Sanitary Acts in Bural Districts, W. H. 
IfQdiael, Transoc. Inst. Surveyors, Vol. viii., p. 876 (lines 26 to 83) 

■ft National Water Supply, discussion, Lucas, CIntterbuok. Chaa- 
wick, C.B., Conder (pp. 2,3): Child (p. 4 1, Shelf ord. Bond, De 
Bance ip. 6 ; ditto papers— Bund (p. 80)* Child, Clutterbuck 
(p. 88), Conder ip. 40), Bailey Benton (p. 44), De Ranee (p. 46), 
Homersham (pp. 62, 68 , Lucas (p. 66), F^rry (67), Frcstwicn (pp. 
(S— 6C', Shelf ord (p. 06), Seymour (pp. 70—72). 

it Royal SanitaiT Commission, 1869 report, and auUioritiea too 
many to enumerate. 

H The working of tbeSaoitoiy Acts, &c. Michael. F.87^, 
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ApPBjrpix B.— (Cb;»<iwMfrf.) 
Eatiern Sub-Commissicner't Diatriet, 









Area 
(sq. miles) . 




n 


Mean Bainfall. 




No. on 

Ordnance 

Map. 


1 

1 


'Si 

1 




Kome of Watenhed. 


Mean 
Bange. 


1 
1 


1. ^A^nt ... ... 


Ixxii 


4,062 


26 to 60 


80-88 1 


2. Anoholme 


1 


2441 










8. Several maall Btreanui 


li 


122 










4. Seyeiul small streama 

6. Lud 


lii 
liii 


39 
139 


2 


6 


26 to 60 


30-88 1 


6. WithernEau 




liv 


189 










7. Steeping ... 

8. Witbam ... 




Iv 
. Ixxiii 


101 J 
1,079 


3 


1 


25 to 60 


29*11 


9. Wdland ... 
10. Ken 




. l»xiv 

Ixxxiv 


7001 
1.077 j 


4 


2 


26 to 00 


2911 


11. Quae 




bcxxv 


2,007 \ 










IS. Wjney ... 
13. Nar, or Setchy 




. IXXXTlil 

. Ixxxvii 


243 
181 


6 


4 


25 to 60 


2911 


14. (Ixxxvi) part of . 




Ixxxvi 


abt.98 




14 








10,876 




84. Western Sab-Gommiflioner 


16,075 










48. Total area under CommiMioner of 






Midland Boaxc 


\a 


... ••• 


20,9S1 











Geology. 



Oolite, liaA, New Bed Sandstone, Fwnuazi^ ooal 
measures, millstone giit« carboniferous lime«toae. 



Oolite and chalk (Andiotane) diaLc, and post 
tertiary. 



Oolite, chalk, and fen. 
Oolite and fen. 

Chalk gault, lower greensand, Oolite, Uas, and fen. 



DXSTBICT OF THB Ck>iaa8SI0NEB OF SoimXEBN BOAfiDB. 



WeiUm Sub^Commiuionet' t DUtriet, 



1. 
9. 

8. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 

20. 



Avon 

jL eo ... ... 

^^JKO ... ... 

Bicue ... ... 

Sevenl small streams 
Pttret ... ... 

Small stream 
Small stream 
Smallstream 
Eastl^mn 
Small streams 

Torcidge ... 

BidefordBay] ... 

BudeBay] 

Pentire Point] ... 
Alan or Camel 
Several small streams 
Smallstreams 



St. Xves ... ... 

91. Smallstreams 

99. Several small streams 

93. Several small streams 

94. Smallstreams 

96. Smallstreams 
90. Smallstreams 

97. [Fslmouth] 

98. Bmall stream 

99U ^n"w>] 

80. fkl 

81. Sevenl small streams 
89. Fowey ... ... 

88. Sevenl small streams 

84. Lynher ... ... 

86. Tunar ... 

86. Tivy and Walloombe 

87. FlymootfaLeat ... 

88. Ftym ... 
88. Teafane ... 
40. 
41. 
49. 
48. 
44. 
48. 

18. 



Anne 

[Start F6int] 
l>Brt 
TUgn 






cxxvu 
cxxvi 
cxlv 
cxlvi 
cxlvii 
cdviii 
cxim 
cxlii 
cxli 
cxl 
cxxxvii 
cxxxix 
cxxxviii 
dxxxv 
dxxxvi 
dxxxviii 
clixirix 
ccm 
odx 
Not num- 
bered 
ocvii 
ocviii 

OCX 

ccxv 

ocxiv 

ccxiii 

coxii 

ocxi 

odv 

ocv 
ocvi 

cxc 

cxd 

cxcii 

clxxxvii 

cxdii 

cxciv 

cxcv 

cxcvi 

cxcvii 

cxcviii 

odl 
cxcix 

CO 

cd 
oOiT 



8911 
106 f 
1011 
197 

80| 
662> 



4n 

47 
455 
336 

lOJ 
1081 

8 
149 
164 

43 



47 
40 
291 
83 
10 
33 
12 
40 
06 
60 
80 
120 

TIJ 
100 
385 

a5 

23 

60 

36 

48 

64 

78 
200 
203 

11 
684 



4 



6 



I 



11 



9 



26 to 40 



26 to 40 



40 to 76 



40 to 60 



40 to 60 



40 to 76 



40 to 76 



...{ 



Oolite, Lias, carboniferous limestone, and New Bed 
Sandstone. 



Oolite, lias, New Bed Sandstone, and Devonian. 



•••{ 



83-73 



New Bed, carboniferoua limestone, Dcrooiaii, 
granite (Dartmoor). 



Carboniferous and Devonian, with some granite. 



Same as Group 4, without carboniferous. 



Oubonifcrous, Devonian, and granite (Dartmoor' 



New Bed, Devonian, carboniferous, and granite. 
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Appendcc B. — Western Sub'Comminloner* » Dutriei. — (Continued.) 



Name of Watershed, 



47. Otter 

48. Strfaam 
48. Axe 
BO. Char 
61. Brit 
52. Bredy 

83. rWeymoTith] 

54. Frome 

56. Trent or Piddle 

56. Stour 

57. Avon 

58. Lymington 

59. Beaulieu ... 

60. Test 

61. Itchen 

55. Hamble ... 
63. 
64. 
65. 



■ • • 

• •• 

• ■ • 

• •• 

• • » 

■ ■ • 

• ■ • 

• •• 

• •• 



9$ 



»f 



• • • 

■ « • 

• • • 

■ • • 

• •• 



Isle of ly^A*. 

68. rSolentI 

67. r&olentj ... 

68. Medina ... 

69. [Spithead] 

70. South Coast 



• • • 
■ • • 

• •• 






No. on 
Ordnance 



3Iap. 



cxlix 

d 

cU 

dii 

diii 

cUv 

dv 

clvi 

dvii 

clviii 

dix 

dxi 

cbdi 

dx 

cLdii 

dxiv 

dxT 

dxxi 

dxxii 



dxvi 

dxvii 

dxTiii 

cbdx 

dxx 



Area of Me of Wight 

Mainland 

Total Area Weitem Sub-Commifldoner'a 
Diatiict... 



s 



82^ 

81 
105 

39 

52 

21 

87J 
187 
119 
450 
673 

91 

62 
477 
231 

35 

85 
235 

28 



11 
25 

28 
19 
61 J 



134 
9,047 



9,181 



*M « 



8 



10 



70 



% 



13 



Mean Bainfall. 






30 to 40 



80 to 40 



30 to 40 



I 



30*16 



30 



•16 1 



Geology. 



Caialk, Oolite, Ijaa. 



Terttaryi dialk, Oolite. 



Tertiary and dialk, with a little upper greenaand ; 
gault and lower greenaand. 



Tertiary, chalk, upper greenamd, gault, lower 
greenaand, and Woaldon. 



Eattern S4b-Commiuioner*t Dittriet, 



1. Aran 

2. [Worthing] 

3. Adur 

4. [Brighton] 

5. Ouiio 

6. Cudonere 

7. Oldhayen 

8. Bother 

9. [Hythe] 

10. Btour 

11. Sereral small atxeams 

12. Medway ... 

1.3. Cray and Bazent ... 

14. Thames and Lea ... 

16. Boding, &c. 

16. Croudi ... 

17. Bladrwater 

18. Coast 

19. Colne 

20. Coast 

21. Stour 

22. Oipping or Orwell. . . 

23. Deben 

24. Coast 

25. Ore or Aide 
96. Minsmere 

27. Blyth • 

28. Coast (Lowestoft)... 

29. Waverley and Yare 
80. Bure 

31. Olaren (part of ) ... 



dzxiii 

dxxiv 

dxxY 

dxxvi 

dxxvii 

dxxviii 

clxxix 

dxxx 

dxxxiv 

dxxxiii 

dTTTJi 

dxxxi 

CXXXTl 

cxxviii 
cxxxiv 

CXXXT 

G3CXXi 

cxxxii 

C3CXX 

CTXTiii 

cxxix 

xcvii 

xcvi 

xcv 

xdv 

xdii 

xdi 

xd 

xc 

Ixxxix 

Ixxxvi 



Western Snb-Comininioner's district . . . 

Total under Commissionen of Southern 
Boards 



[ 



3701 

85 
160 

66 
205y 

75 
121 
312 

88 
373 
167 
680 
814 I 
4613 y 
317 i 

18n 
434 

24 
192 

68 
407 
171 
153 

82 
109 

34 

79 

63 
880 
848 
200 



11,226 
9,181 



20,407 



2 
3 



4 



9 



3 
3 



12 



31 



25 to 40 



22 to 31 
22 to 31 



22 to 31 



22 to 31 



•••{ 



24-66 1 



Tertiary ohalk, upper greenaand, gault, lower 
greenaand, westld day, and lower Wcaldcm sands. 



Tertiary chalk and Wealden. 

?ertiary dialk, upper 
greenaand. Oolite, and 



Tertiary diaBc, upper greenaand, gauU, loircr 
Lias. 



Poet tertiary, tertiary, and dialk. 



Post tertiary and dudk. 
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Appendix B.^ {Continued.) 
TABLE 2. 



CaxxsasiasER aw Kobihebn Boabds. 

GooBtks. Population. 

WtBUtTi Smk" Co mm iu ioner :— 

CaBberiasd (part of) 
Wcstmoxelsiid • • 
Lincashird . • 



Yorkshire (j art of) 
Berbyshixe (part of) 
Che8k'r^•• 
Flint •• 
Denbigh 
CarnorFon 
Angleaea 
Merioneth (part of) 

Bttttern Sub^Commiuicner 

Northumberland 
Cumberland (part of) , 
Durham. . . . • 
Yorkahire (part of) 
Derbyshire (part of) . 



214,573 
60,010 
2,819,496 
24,934 
24,391 

561,201 
76,312 

105,102 

106,121 
51,040 
41,442 



4,089,621 



386,646 

5,680 

685,089 

2,402,512 

67,911 



3,547,838 



Total under Northern Commiaaioner. . 7,637,459 



CoioaBBxoxsB OF Midland Boabdb. 



ConntJM. 

We»Urn Suh^Commiuienei 

Merioneth (part of) 
MontgpomeTy 
Cardigan 
Pembroke 
Caennarthen 
Glamorgan 
Brecknock 
Radnor .• 
Shropahire 
Hereford 
Monmouth 
Oloooeater (part of) 
Woroeater (part of) 
Stafford (part of) 
Warwick (part of) 
Leiooater (part of) 
Korthampton (part of) 



Population. 

5,156 

67,623 

73,441 

91,998 

115,710 

397,859 

59,901 

25,430 

248,111 

125,370 

195,448 

255,264 

231,376 

90,298 

211.339 

35,317 

4,709 



Committioner of Midland Boardi, — {Continu^J) 



Counties. 
Easfe'yi Suh' Commitiioner 
Stafford (part of) 
Worcester (part of) 
Derby (part of) . . 
Warwick (part of) 
Nottingham 
Yorkshire (part of) 
Lincoln .. 
Leicester (part of) 
Rutland . . 
Northampton (part of) 
Oxford (part of) 
Buckingham (part of) 
Bedford (part of) 
Huntingdon • . 
Hertford (part of) 
Cambridge 
Norfolk (part of) 
Suffolk (part of) 
Eaaex (part of) . , 



Popnlatioa. 

768,028 

107,461 

287,092 

422,850 

319,758 

8,909 

436,599 

233,994 

22,037 

230,877 

1,140 

64,648 

114,240 

63,708 

32,635 

186,906 

91,092 

44,575 

16,152 



3,452,737 



Total under Midland Commissioner . . 5,687,087 



CoSOaSSIONtOt OF SOUTHSBN BOABDS. 



• • 



• • 



Counties. 
WciUm Sub'Oommiiiioner:^ 

Cornwall 

Devonshire 

Somersetshire 

Gloucester (part of) 

Dorsetshire 

Wiltshire (part of) 

Hants (part of) . • 

Sussex (part of) 

Etutern Suh-Committionei 
Wiltshire (part of) 
Gloucester (part of) 
Oxfordshire part of) 
Northampton (part of) 
Berkshire . • 

Hants (part of) . . 
Sussex (part of) 
Surrey . • , . 
Kent . • • a 
Buckingham (part of) 
Hertford (part of) 
Middlesex 
Essex (part of) . . 
Suffolk (part of) 
Norfolk (part of) 
Bedford (part of; 



Population. 

362,343 
601,374 
463,483 

236,513 

195,537 

197,419 

478,769 

33,358 



69,758 

42,863 

176,835 

8,305 

196,475 

65,91.1 
384,098 
1,091,635 
848,294 
111,231 
159,691 
2,539,766 
450,284 
304,294 
347,564 

32,017 



2,568.796 



6,S1S,924 



2,234,350; Total under Southern Commiasioner .. 9,387.720 
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Map of Distbiots Proposbd bt A. T. Atohisoit. 
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Apfestbix B. — (Continue.) 
TABLE 3.— SU30IARY OF TABLES I AND 2. 



' 


Area 
6qre. Miles. 


Population. 


Mean Bain. 
(Bangs of 
Mean.} 


No. of 

Watershed 

Basins. 


Prindpnl Water-bearing Formations, 
Bttrfaoo and Subterranean. 


minissioiter of Korthern Boardt, 

WcsU'TO Sub-Commissioner 

Li«»<('ni Do. 


7,S66 
8,605 


4,080,621 
3,547,838 


Indies. 

25 to 75 
25 to 60 

25 to 75 
25 to 50 

25 to 73 
22 to 40 


44 
24 


Sflurtan, carbonlferoos, and New Bed 

Sandstone. 
Carboniferous, Now Bed, Oolite, and 

chidk 


iOtlll ... ••« .,. ... 


16,561 


7,637,450 


OT 




hmmstioiier of Midland Mardt. 

W(>M(cm Sub-CommisBioner 

Eastern Do. 


10,075 
10,876 


2,234,350 
3,452,737 


34 

14+ 


Silurian, Old Bed Sandstone, carboni- 
ferous, and New Bed. 

New Bed, OoUto, lower ifrccnsand, 
ohalk. 


XOHU ... t.a ••• «•• 


20,051 


6,687,087 


48 


'mmitsioner of Southim Boards, 

Western Siib-C^mmiaaioner 

RWrm Do. 


0,181 
11,226 


2,568,796 
6318,924 


70» 
31t 


Devonian, carboniferous. New Bed, 
Oolite, and chalk. 

Lower Wcaldcn sands, lower green- 
sand, chalk, tertiary. 


Total 


■ 20,407 9,387,720 
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* With " St. Ives,** not numbered on Ordnance Map. 



+ With part of No. L30CXVI. 



ESSAY BY A. T. ATCHISON'. 

Motto.— " Water, water, efverywhcre, 
Bat not a drop to drink ! "* 

The President and Council of the Society of 
^s directed public attention, last year, to one of 
tbe most pressing and important wants of the day, 
when they inaugurated the Congress on National 
Wdter Supply. It is difficult or impossible to 
over-estiuiate the magnitude of the question under 
consideration ; and, whilst the sewage difficulty, 
which has now for many years received great 
Attention, is, doubtless, of vital importance, it must 
occupy only the position of a subsidiary element 
in the subject of Isational Water Supply. 

In response to the request of the Council of the 
Society for suggestions founded on evidence already 
published, for the division of England and Wales 
into districts, with the object of securing a supply 
of pure water to the towns and villages in each 
<iistrict, the following outline of a scheme has 
W'n prepared. 

All divisions, unless specially made for each 
purpose they have to serve, must necessarily be 
arbitrary, as is too apparent in the ancient 
boundaries of counties or parishes, or in the new 
boundaries proposed for local board districts or 
borough extensions. 

It has been frequently laid down, as an inviolable 
ttaxim in the demarcation of districts for pur- 
poses of river conservancy and water supply, that 

* Two ISaiays were sent in with this motto. 



the water-shed should be the boundary. This 
though the primary basis adopted, has not been 
arbitrarily adhered to. A careful examination of 
the distribution of the population was first made 
with the view of ascertaining what localities 
appeared, prima faK,it^ in most need of relief. 

It was at first attempted to indicate approxi- 
mately the relative distribution of the population, 
by drawing circles whose areas were proportional 
to the number of inhabitants roimd each of the 
principal towns and cities, but it was soon found 
that if the scale of area to number was made suffi- 
ciently larg^e to give any indication in the more 
sparsely populated districts, the effect became 
delusive in the denser parts, owing to the over- 
lapping of the circles. 

It was therefore decided — bearing in mind that 
the proposed scheme of dividing the country into 
hydrographical districts was necessarily of a large 
and comprehensive, rather than of a minute and 
detailed nature— that a map indicatthg the aver- 
age density of population throughout an entire 
county would be sufficiently approximate for the 
purpose. With this view, the accompanying map 
has been prepared. Still further to simplify 
matters, the 54 counties in England and Wales 
(the sub-divisions of Yorkshire being treated as 
separate counties) have been divided into five 
different groups, in order of the average density 
of their population, and colonred with a red tint 
of depth corresponding to the density. 

Table I. shows the area, population, increase per 
cent, in the last three aecennial periods, and 
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density of population in 1871, as represented by 
the number of persons per 100 acres. The water- 
sheds, or boundaries of catchment basins, were 
then laid down on the map, from the map of river 
basins contained in the 6th Report of ^e Bivers 
Pollution Commission, and special attention was 
directed to those basins shown to be most densely 
populated. The hydrographical districts being 
thus provisionally laid down, the whole of the 
principal towns were then tabulated, with their 
population and geological formation, and all the 
available information sought respecting the 
source, quality, and quantity of their water 
supply. It need hardly be said that, with the 
exception of those places which furnished in- 
formation on the subject to the Rivers Pollution 
Commission, and in answer to the inquiries of the 
Society of Arts last year, and a few others, very 
little material is to be found for forming a judg- 
ment of the nature of their supply. It was 
found that, in a great majority of towns, an 
adequate supply of good water was either in their 
I>ossession, or withm easy reach, but in a great 
niimber of these instances the danger or cer- 
tainty of future pollution of the pure sources is at 
once apparent. 

There are, however, some large towns or groups 
of towns, which are so situated as to render it 
almost iipposeible for them to obtain a sufficient 
quantity of pure water within their own river 
basin. It is tnese towns that show the necessity 
of^ the legislation ultimately contemplated by 
this Congress. If a district finds itself unable to 
procure a good and adequate supply near home, 
it naturally casts its eyes abroad. Delecting some, 
as yet, unappropriated soiux^e. Parliamentary 
powers are sought, and perhaps obtained, in spite 
of opposition, and a catchment area allotted to 
a district at a distance, to the exclusion of one 
nearer. Thus it has happened, and doubtlcus will 
happen again, that an excellent source placed 
by nature within the grasp of the inhabitants 
in need of it, has, by their supinnncss, been 
allowed to pass into the hands of otherF. The 
great object, then, of dividing the country into 
districts, is to secure to those towns and villages 
the possession of the sources most favourably 
situated for their use at whatever time it seems 
good to them to take them, and at thtt same time 
to ensure that no community shall in future be cut 
off from all chance of a good supply, provided 
they take in good time the proper measures to 
preserve its purity. 

All that IS attempted in this paper is to give a 
preliminary sketch of the main outlines of these 
districts. It will readily be seen that if the dis- 
tricts are too large, almost all the evils necessitating 
their formation Mrill recur, only perhaps on a smaller 
scale. Thus, for example, wmle London is pre- 
vented from taking the supply best adapted to 
Manchestor and its neighbourhood, Leeds might 
still acquire that which should be reserved for 
Bradford. As already stated, these primaiy divi- 
sions were first tentatively made ooaterminous with 
the principal river basins, when it was found on 
examination that the population, with every allow- 
ance for prospective increase, had within their 
district an ample supply of impollnted water, and 
that no netgbbouiing district was by the pro- 
visional boundary cut off from, their only dumoee 



of an adequate supply in the future, then that 
boundary was decid^ on. When, however, it was 
found that the provisional boimdary of a district did 
not enclose sources considered sufficient for future 
requirements, that boundary was abandoned, and 
the whole or parts of neighbouring districts in- 
cluded with it. 

After due consideration of the facts obtainable, 
it is believed that the primary divisions shown 
on the map will, in the main, meet the require- 
ments of the case, but in thus foreshadowing 
the direction in which steps should be taken, it 
must be borne in mind that a careful survey of 
the ground, and a more ample coUeotion of 
statistics must cause much alteration in detail. 
It is foreseen that, before division of the country 
into primary districts is of much practical benefit 
to the inhabitants, that a further sub-division into 
sub- districts will be necessary ; but before this can 
be accomplished with any certainty of success, the 
measures recommended in the resolution of last year's 
Congress must be adopted. A vast amount of de- 
tailed information, in the form of observations, re- 
ports, plans, and gaugings, exists in the hands of 
companies, corporations, engineers, and chemt^ta, 
which has never yet been made public, and which 
might be rendered available. Mr. 6. J. Symons. 
F.K.S., has for a great number of years devoted 
himself most indefatigablv to the enrolment of an 
immense staff of rainfall observers, and to the 
tabulation and comparison of their returns. The 
British Association, through their Committee on 
Underground Waters, has done much valuable work 
in a parallel direction, while Messrs. Baldwin 
Latham and Lucas are pursuing investigations 
of an equally useful nature ; but, unless we are 
contented to wait for a century at least, the attain- 
ment of the object in view must not be 
left to private enterprise. The appointment 
of a i>ornianent Commission or department 
" to investigate and collect the facts con- 
nected with water supply in various districts 
throughout the United Kingdom, in order to facili- 
tate the utilisation of the national sources of wat^r 
supply for the coimtry at large " is indiBpcnsablo. 
and, further, to strengthen uxeir hands, it should 
be enacted that every corporation, company, loc>»l 
board, or other body exercising powers oonfern>d 
under Act of Parliament be compelled to furnish 
to the department a copy of every report, analysis, 
plan, section, gauging, or other observation 
received by them on the subject of water 
supply, drainage, or river conservancy. 

The question of river conservancy, considered as 
bearing on the control of rivers, and which is 
at present before the Houses of Parliament, is 
intimately bound up with that of national water 
supply. It is of the greatest importance, then, that 
any legislation which is undertaken diould pay 
due regard to both. The primary divisions will 
now be considered in detail. 

Thames Dibtbict. 

This district has a present population of about 
5,193,000. Rainfall varying from 24 to IM inches 

Sir annum, and averaging about 20 inches, 
eological formations, midme and lower oolite, 
chalk, lower greensand, and London day. Thf^ 
water supply of London and its suburbs con- 
stituting a population within the Metropolitan 
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Police area of 3,885,641, in 1871, or, at tho last 
decennial rate of increase, 4,463 .S16 in 1879, is by 
far the most important element of consideration 
in this district. To dissect and analyse the vast 
amonnt of evidence that has been collected on the 
present state of the metropolitan supplies, or to 
discuss the various proposals that have been for 
many years made for their improvement, would be 
quite beyond the scope of the present paper. It is 
no use shuttinffour eyes to Uie fact, that the pre- 
sent supply of Thames water delivered in London 
is largely contaminated by the washings from 
highly cultivated lands, the discharges from paper 
mills, tanneries, and other manufactories, in addi- 
tion to tbe sewage of 000,000 persons, the bidk of 
wideh is but imperfectly cleansed before admission 
into the river. 

A slight freshet, particularly in summer, serves 
at once the purpose of flushing the accumulated 
filth from the river, and enriching the product 
delivered to the consumer. 

By the enlargement of subsiding reservoirs, and 
the exclusion of flood waters, accompanied by 
careful and efficient filtration, the character of the 
water can, doubtless, be rendered comparatively 
inoffensive ; but the fact will still remain that the 
dilated washings and excreta of the human and 
animal inhabitants of the catchment basin above 
the intakes, are still drunk bv those addicted to this 
beverage. The same remarks apply to tiie Biver 
Lee water, but with greater intensity from the 
larger proportion of its normal flow, which is 
abstracted for tbe London supply. The day cannot 
be far distant when the present supply will be 
abandoned ; but whether an entirely new supply 
must be sought, or merely a pure supply for 
drinking and cooking purposes, need not oe here 
discussed. Tho proposals for obtinninic a supply 
of the highest excellence from North Wales or the 
Comberl^d lakes are, doubtless, not only prac- 
ticable, but not out of all proportion costly. * 

In considering tbe division of the country into 
hydrographioal districts, with duo regard to the 
density and rate of increase of the population, it 
appears at once unfair to allot either of the above 
catbbments to the metropolis, and tiiat sudi heroic 
measures are entirely unnecessary can be shown by 
an examination of the Thames basin. 

It has been stated (Sixth Beport Bivers Pollution 
Commission) that the chalk and upper greensand 
formations cover an area of 849 square mUes within 
a 30 miles radius of London, 1597 square miles 
within 40 miles, and 2,150 square miles within 
tbat portion of the Thames basin lying within a 
^ mues radius. Now, hidf an acre of catchment 
is sufficient for a supply of 30 gallons per diem per 
inch of available rainfall. Tddng^e avaiUble rain- 
fall as 2^ inches, or leas than the equivalent of the 
mean dry weather flow of the entire Thames basin 
(2*93 inches per annum), each acre of catchment 
will provide five persons with 30 gallons per head, 
and 2,150 square miles will suffice for the same 
supply per head to 5 X 2,150 X 640 = 6,881,000 
persons. Although it might be unwise to cal- 
culate on a very much larger supply per acre 
than the amount here taken, experiments extcnd- 
ui^ over a number of years have shown that this 
estimate is well within the mark. Of the purity 
of tbe water obtained from these sources there 
can be no question, and if the supply for domestic 



purposes be first treated by Dr. Clark's softening 
process, no exception can be taken to it on the 
score of hardness. 

The Conunissioners on Water Supply, discussing 
this source, observe, " moreover, as the water 
which penetrates into the reservoir (t.e. the sub- 
jacent chalk) raising the water line more or less 
above the level of the adjoining valleys, ultimately 
in greater part finds its way by springs into 
streams at tne lower level of the mstrict, any 
water drawn from the store, by artificial means, 
will most probably be at the expense of these 
streams. If this be true, it follows that any water 
obtained by tapping the chalk reservoirs that feed 
tbe River Lee or the Thames would, only j^ro tanto, 
diminish these streams, and would, therefore, be 
little or nothing gained to the p^enex^ supply." 

It is here maintained that this deduction of the 
Commissioners will not be borne out by fact, for 
the following reasons. That much water absorbed 
by tho chalk on the south side of the basin finds 
its way direct into the tidal channel of the river, 
and might, therefore, be intercepted and rendered 
available by pumping. 

That the absorptive capacity of the chalk and 
other porous formations would be increased by 
pumping from deep wells, the natural underground 
channels being cleared and enlarged thereby, the 
hydraulic inclination increased, and the drainage 
of the upper strata thus accelerated. 

Another consideration, affecting the volume of 
the rivers laid under contribution for the supply of 
the metropolis, has been lost sight of by the Com- 
missioners. An inspection of the diagrams, in the 
Sixth Beport, showing the daily fiow of the Thames, 
proves the truth of the recommendation of the 
Commissioners that " nothing less than 80 or 90 
days' storage will render them (the Water Com- 
panies) ind^endent of flood-water in autumn and 
winter." When the river, after long-continued 
floods, has resumed a fit condition for taking into 
the works, not only has it to meet the daily demand, 
but also to supply the much greater draught on its 
flow, for the replenishment in a few days of the 
I whole of the nearly exhausted store. It may thus 
< occur that at times a large proportion, or the whole 
' even, of the dry weather flow is being abstracted 
by the works. Unless other sources are obtained, 
the growth of the metropolis, and the increasea 
storage provided by the companies, will soon 
render this evil apparent. In pumping from deep 
wells for the supply of the metropolis, the loss to 
the river of that portion of the water only which 
is intercepted from the non-tidal part of tbe river 
will be felt, and the demand being spread uniformly 
over times of flood and drought, in place of being 
made, as in the previous case, only during the 
period of normal flow, Will cause a much less serious 
diminution. 

ThaiCes Basin. 

ABiifono:r.->trpper greensand ; population, 6,80d< 

AYZ2SBUBY. — Upper oolite ; population, 0,962. 

BaxtbtTby.— Lias; popuktion, 11,726. From th0 
Gherwell : muoh polluted by sewage and animal niatteri 
and too hard for washing. 

BAsnfosfoXE.— Chalk; population, d,574. Well in 
chalk ; 130,000 gallons pUmped to reservoir daily ; con- 
stant service, 40,000 gallons of which to 300 honiis, 
80,000 to 10 works and manufaotories, also railway 
station. Supply bright, dear, and wholesome, but too 
hard for waabu*g. 
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TABLE n. 



I. EvaLAND: — 

WeetmoreUnd 

Yorkshire, North Ridixig 

Cumberland 

Hereford 

Rutland .....,,., 

Linooln 

Huntingdon , . 

Salop , , 

WAJUsa: — 

Radnor ••••«»•••••••., 

Merioneth , 

Brecon ••.... 

Montgomery , 

Cardigan , , 

Carmarthen 

Pembroke ••••• 

Anglesey 

Denbign , 

Camarron 



II. Enolaiid: — 

Northumberland ...... 

Wiltshire 

Daraet 

Norfolk 

Cambridge 

Yorkshire, East Riding 

Devon 

Buckingham , 

Suffolk 

Northampton. 

Oxford 

Cornwall 

Berkshire 

Essex 

Somerwt • 

Sussex 

Bedford , 

Herts 

Waueb: — 

Flint 



Area in Acres. 



in. EMOLAinD! — 

Leicester 

Southampton . . 
Monmonth .... 

Derby 

Nottinghftm .. 
Glouoeetcr .... 
Worcester .... 

Chester 

Kent 

Wales: — 
Glamorgan.... 



IV. EvoLAio): — 

Durham 

Yorkshire, West Riding 

Warwiok , , , 

Stafford 



V. 



Surrey . . . . 

Lancaster 

Middlesex 



500,906 

1,361,664 

970,161 

632,896 

94,880 

1,767,962 

229,515 

841,167 

276,562 
385,291 
460,158 
485,351 
443,387 
606,172 
393,682 
193,511 
392,005 
369,482 



1,290,812 
869,803 
627,266 

1,356,173 
524,926 
760,828 

1,655,161 
467,009 
949,825 
629,912 
470,095 
869,878 
450,132 

1,055,133 

1,049,815 
934,006 
295,509 
391,141 

169,662 



611,719 
1,032,105 
368,399 
656,243 
526,176 
804,977 
472,453 
705,493 
1,004,984 

547,070 



647,592 

1,770,359 

566,458 

732,434 



483,178 

1,207,926 

181,317 



Population 
in 1871. 



65,010 
293,278 
220,263 
125,370 

22,078 
436,699 

68,708 
248,111 

25,430 

46,598 

59,901 

67,263 

73,441 

115,710 

91,998 

51,040 

105,102 

106,121 



386,646 
257,177 
196,537 
438,656 
186,906 
268,466 
601,374 
175,879 
348,869 
243,891 
177,975 
362,343 
196,475 
466,436 
463,483 
417,456 
146,257 
192,226 

76,812 



269,311 
644,684 
195,448 
379,394 
319,758 
534,640 
338,837 
561,201 
848,294 

397,869 



685,089 

1,874,611 

634,189 

858,326 



1,091,635 
2,819,495 
2,539,765 



Incresae per oent. in 10 



1841—1851. 



3 
6 

10 

2 

8 

12 

10 

2 

—3 

— 1 

11 

—3 

3 

4 

7 

13 

6 

8 



14 

— 1 

6 

7 

13 

13 

6 

5 

7 

7 

4 

4 

5 

7 

2 

12 

16 

7 



7 

14 

17 

9 

8 

6 

11 

15 

12 

35 



27 

14 
18 
19 



17 
22 
20 



1851—1861. 



4 
14 
6 
7 
—6 
1 

6 

3 



2 
1 
2 
-6 
9 
9 



13 

—2 

2 

—2 

—5 

9 

3 

3 



7 



4 

4 

10 



8 

9 

4 



3 
19 
11 
16 
9 
6 
11 
11 
19 

37 



30 
14 
18 

23 



22 
20 
17 



IMC 100 a. 
1371. 



1861—1871. 



NoTB.— Decrease of population ia ehown by a minus sign, thus 



7 
20 
7 
1 
1 
6 
— 1 
3 



20 

—3 

1 

2 

4 

—4 

—7 

4 

11 



13 
3 
4 
1 
6 

23 
3 
6 
4 
7 

4 

—2 

11 

15 

4 
15 

B 
11 

9 



13 


53 


13 


52 


12 


53 


12 


57 


9 


60 


10 


66 


10 


7i 


11 


79 


16 


M 


2o 


72 


35 


106 


21 


IM 


13 


iv: 


15 


117 


31 


22o 


16 


233 


16 


1,401 



13 
21 
22 
23 
23 
24 
27 
29 

9 
12 
13 
14 
16 
19 
23 
26 
27 
29 



30 
30 
31 
32 
35 
35 
36 
37 
87 
38 
38 
41 
43 
44 
44 
44 
49 
49 
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ESSAY BT W. H. PBlOnNO, F.G.S. 

Fbxuxinasy Gokbidb&ations. 

As all sources of water supply depend entirely 
upon physical conditions — ^the nunf all upon situa- 
tion and elevation, the rivers upon physical fea- 
tures, and the springs upon geological characters 
— plans for division of the country should certainly 
be based upon its physical structure. 

England and Wales fall naturally into three 
large, but unequal, sections, separated from each 
other by the g^eat water-parting which divides 
the areas drained by rivers flowing towards the 
east, west, and south. These sections are divided 
by the main water-sheds into river-basins, and 
these are subdivided into smaller basins or 
valleyB, each occupied by a tributary of the 
larger rivers. Such divisions are, of oourse, 
purely physical, although not in all oases well 
marked by physical boundaries, and the division 
of the country, for the purposes of water supply, 
into districts, each district consisting of some 
definite draina^ area, would present a plan pos- 
sessed of certain undoubted advantages. On the 
other hand, it would have its disadvantages, the 
two chief of which are, that the one-half of eaoh 
district would be entiiely out off from the other 
by the river in its centre, and, any works proposed 
for a supply of water, wholly or in part by gravi- 
tation, must be at or near its margin. If such a 
plan ware adopted, two sets of works, belonging 
to two adjoining districts, would be in close 
proximity, and would involve, in some cases, an 
expenditure double that whioh would be sufficient 
for the works in question. In the following sug- 
gestions, the object kept in view is to utilue the 
adrantages offered by me structure of the oouniry, 
avoiding, amongst othem, the two ^ief disad- 
vantages referred to, of taking the river basins as 
independent districts for ihe supply of water to 
the towns and villages within them. 

The subject demands consideration under two 
headings : — 1. Division of England and Wales into 
districts. 2. Mode of supply of pure water to the 
towns and villages in eacm district. It is treated 
as concisely as possible, consLstent with making the 
suggestions dearly understood* and to the same 
end all details of areas, population, &c., have been 
given in tabular form in an appendix. 

1. — ^DiYiaioir OF Ekoiand and Wales into 

Districts. 

It is suggested that England and Wales be per- 
manency divided into twelve main sections, each 
<Mic being separated from those adjoining by well 
marked physical features. The proposed plan of 
division is exactly the reverse of that of river basins, 
the lines of separation being not the water-sheds, 
but the rivers. All the largo and some of the 
Rmaller rivers, therefore, form the boundaries of 
these sections, which thus have low and compar- 
atively level ground at their margin. They are 
traversed throughout a good part of their length 
hy a central elevated line of water-shed, or, in some 
instances, by the main water-parting of the country. 
The surface waters of each section thus flow in two 
directions from the central lines, one portion going 
to the river of one basin, the other ijito that of the 



adjoining basin, or directly down to the sea. As 
rivers f (dlow a definite course, the boundary of 
eaoh section thus droumscribed is (with trifling 
exceptions) very dear, and in many respects is to 
be preferred to an arbitrary Ime, or to an inegu- 
lar margin, such as is presented by a winding and « 
frequency indistinct line of water-shed, which 
always varies with the contour of the higher and 
more broken tracts of country. 

The accompanying map shows the proposed sec- 
tions, lettered A to M respectively, their boundaries 
being described in Table I, Appendix^ page 40. 

Bivers frequently follow, for a considerable dis* 
tance, a course corresponding, or nearly so, with 
geological lines of division ; as examples may be 
mentioned the Trent and the Severn, near the junc- 
tion of the Triassic and Liassic formations. The 
main lines of water-shed, on the other hand, fre-- 
quently coincide for great distances, with geologi- 
cal escarpments, as the Chiltem Hills formed by 
that of the Chalk, and the Cotswolds by that of the 
Lower Oolites. Therefore, the sections having 
rivers for their boundaries, and main water-sheds 
for their longer axes, will include larger areas of 
similar geological s^ctnre than the river basins 
do, which, as a rule, have widely differing rocks on 
opposite sides, the Thames being the only note- 
worthy exception. As an example. Section H. 
may be mentioned, which is mainly bounded by 
the Thames and Ouse rivers, or by main branches 
from those rivers, and is traversed throughout its 
entire length, from Marlborough in Wiltshire to 
the north coast of Norfolk, by the chalk esoaip- 
ment; and as the water supply of any area is 
dirotly dependent upon its geological phenomena, 
the water-bearing conditions, as well as those of a 
physical character, are more or less alike through- 
out each section. 

The map. No. 3 (sent in with the paper), repre« 
sents approximately the geological structure of the 
country, being divided, not strictly into geological 
formations, but with more regard to water-bearing 
characteristics. The colours, four in number, indi- 
cate the different classes into which the rodcs may 
be conveniently divided : — 

w. Pink. — Reliable water-bearing formations. 

X, Neutral tint. — ^Uncertain rooks, which yield 
an abundance of water in some districts, and none 
whatever in others. 

1^. Blue. — Impervious clays, non-water-bearing, 
but generally with water-bearing beds beneath, 
and sometimes intercalated with them. 

z. Grey. — ^Igneous, crystalline, and similar rooks 
which yield no water, and have no pervious beds 
beneath. 

The sections, A to M, are proposed to be further 
divided into sixty-dght districts, upon a plan 
exactly similar to that suggested for the primary 
division. Each district is bounded by main tribu- 
taries of the rivers, and is traversed by one or more 
of the chief local water-sheds. The streams which 
flow into the main tributaries enclose still smaller 
areas, traversed by minor water-sheds at a rda- 
tively lower level, and such areas can, if it be 
found necessary or desirable, be formed into sub- 
districts upon exactly the same plan of sub-division. 
But the proposed districts only are shown un the 
map, any further division necessarily depending 
upon the strictly local geological structure and 
relative elevntionf 



86 



The diTidon of the seetioxiB, A to M, into dis- 
tricts is shown on map, the districts being figured 
acoordin|^ to the number in each section. The 
dotted hues indicate generally the main lines of 
water-shed and their chief branches only; the 
secondary and subordinate branch lines of water- 
shed being too numerous to be shown, without 
actual and detailed examination of the country for 
that purpose. 

Particulars are giren in Table II, pages 40-43, in 
Appendix, of the size of each district, its popula- 
tion and average rainfall, in approximate num- 
bers, London only being omitted. The London 
water supply is a matter demanding special in- 
vestigation, and is beyond the "suggestions for 
supply to towns and villages." It may, however, 
be added that there is no very evident reason why 
the methods proposed should not, on a more 
detailed and extensive, scale, be equally applicable 
to the supply of the metropolis. 

Each section to be governed bv a Board, con- 
sisting of representatives from ea(m district within 
it, who shall have control over all matters of con- 
struction and expenditure by which the interests 
of tiie section, as a whole, are afifected. For 
instanoe, by the order or sanction of this Board, the 
works of two or more districts may be wholly or 
partially united, where desirable, for the purpose 
of equalising supply ; the cost of works in one 
distriqt for the benefit of another may be fairly 
apportioned between them, and the reserve of watcor 
in all or any of them may be increased or diminished. 
Each district being complete in itself, is, as regards 
local matters, to be under separate and local 
management, subservient, however, as suggested 
above, to the central authority of its own section. 

The chief points in favour of 'this plan for 
division into districts may be briefly summarised, 
as : — ^Definite physical boundaries ; lugh ground in 
a central position; low ground at the margin; 
similarity of geological (therefore of water-bearing) 
structure. Each section and each district is 
accessible throughout, is independent of the others, 
and is capable of subdivision on the same plan, 
Ac, ftc. For distribution of water it will also be 
found convenient, as will be shown in the sequel. 

The information conveyed by the maps, with 
the details given in the Appendix, although com- 
piled from reliable sources, is intended to be 
approximate only, but it is sufficiently correct as a 
foundation for these suggestions. The accurate 
working out of details, ph^ical and geological, 
upon which alone a final division of the country 
can be made, is a task far beyond the power of one 
individual during the time allowed. It must be 
undertaken systematically, if ever, by a staff of 
geological surveyors, well acquainted with the 
phenomena of water supply, and might well form 
a branch of our National Q«ologioal Survey. The 
maps already published by that department would 
yield much assistance, and if supplemented by 
another examination of certain districts, from this 
special point of view, would leave little to be 
desired. Where the survey is still in progress, 
the water-bearing characters of the rocks might 
receive additioual attention, and approximate 
heights of the water-sheds be collected at the 
same time. It is known that, in addition to their 
published works, the (Government geologists have 
at command numerous notes, sections* and other 



valuable data, bearing upon this important quea* 
tion, and which would doubtless be readily forth* 
coming if required. The consequent worn mosit 
be devised by engineers separately for each dis- 
trict, and founded upon the information thus 
obtained, considered in relation to their *' wants 
and varying specialities.** 

2.— Mode of Sitpply of Puee Water to thk 
Towns and Villages m each District. 

The physical conditions are more or less difEereni 
in each dusfcrict; therefore, the sources and ooan- 
tity of available water also vary, being wholly 
governed by those conditions. The^ physical 
features have, in addition, a direct and important 
beaiiDg upon the methods of distributing tha 
supply, in the quantity and manner best suited to 
the requirements of each locality. The two sab* 
jects, tnus affected by the same influenoe, are inti- 
mately blended, both forming an essential part of 
the mode of supply; but they will, as far as 
practicable, be xept distinct and treated Tmder 
two sub-headings : — 

a. JSource of supply, and h. Mode of distiiba* 
tion. 

a.'— Soubges of Supply. 

The phenomena of springs are now so well 
understood that a description of them need not be 
given here, but a few remarks may be made upon 
one or two points, in support of the snggestioQS 
which follow, and which are founded upon them. 

It may be taken as a general rule that ridges 
and escarpments consist, wholly or in part, of 
water-bearing beds, such as limestone, cnalk, or 
sandstone, and that the setter days, being more 
readily denuded, occupy the lower grounds. 

Strate generally dip towards and pass under 
the higher grounds ; it is rarely they occur other- 
wise, and they are not ofton found quite horiaon- 
tal. This is owing to the fact that the lie of the 
strate has, in a great measure, given to the ground 
ite present form ; in other words, antiolinals are 
more eadly denuded than synclinals, the latter 
remaining whilst the former have yielded to denu- 
dation. 

Case 1. Any set of pervious strate which oooors 
at the surface, as at o a in the diagram, will (as a 
rule) form a trough, and be found below the ndge» 
B, at a greater (&Dth than is due to the difference 
in height of a ana b. Water collected b^ these 
pervious beds upon their outerop, a a, will nae in a 
boring made at B, through the impervious beds, 
& 6, to a height corresponding (or nearlv so) with 
that of their outerop. Surface gravus are no 
exception to this general rule, and often occur in 
long hollows on cdevated ridges, throwing oat 
intermittent springs at the lowest pointe alonff 
their margin, dd. It is owing to the more rapia 
erosion of antidinals that rivers and streams so 
frequently follow, at a greater or less distance, 
lines of geological boundary, a fact previously 
referred to, and of which advantage is taken in 
the proposed plan of division. 

Case 2. The same pervious beds, a a, when dio- 

Sing into the face of an escarpment, X, probabl j 
ecrease in dip at a short distance beneath it, or 
even become horisontel, and they would be reached 
by a boring made on the top of the escarpment, B, 
at a depth not much below that of their outcrop, 
the water from them rising in the bore toan extent 
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ooinoiding with the difference, whatever it may 
be. 

Case 3. "Where penioos bedB, c c, in considerable 
thickness, overlie impervious beds, b &, and form 
an escarpment, E, or a ridge, R, the water-level 
witbin them rises beneath the higher grounds imtil 
the forces of hydrostatic pressure and frictional 
resistance are in equiUbrinra. Water will, there- 
fore, be frequently found in borings commenced on 
a ridge, B, or escarpment, E, at a height very 
considerably above that of the lowest points of 
their nearest outcrop, b h, where the surplus water 
flows forth as perennial springs. 

As strata dip towards the higher grounds, the 
water collected on slopes and in valleys flows under-> 
ground in the same mrection. Therefore, in river 
oasins, where bounded by escarpments, the water 
collected in one basin flows towards and beneath 
another, but in districts as proposed, it is chiefly 
(although not invariably) available within its own 
area. 

Water collected upon surface gravels, (2, or other 
perrious beds similarly situated, and held up within 
them by impervious beds beneath, are available on 
ridges and escarpments by wells of moderate depth. 
The springs at the margin of such beds may also 
he utuised at a high level, knd the water in nearly 
all such cases would be pure, as towns and villages 
are rarely found in these situations. 

In the thick permeable beds, c, water is found at 
a moderate depth beneath the higher groimds, and 
in the pervious beds, a, at a greater depth, but in 
the latter case it will be nearer to the surface along 
the courses of lateral valleys. 

The conditions illustrated in the diagram, of 
coarse, vary greatly, but the principle remains the 
same, and is utilised in the proposed methods of 
supply, as hereafter described. 

An important phenomenon connected with ques- 
tions of water supply here demands brief con- 
nderation. Strata that now throw out springs, 
or yield water when pierced, would, if occurring 
at a different level, or if inclined at a suitable 
angle, become the means of draining water away 
from other parts than that in which their waters 
are now collected. This follows as a matter of 
oonne, for the conditions would merely be reversed, 
and the water would pass through the beds in 
another direction, the springs of one locality being, 
in fact, but the natural drainage of another. 
Slight consideration renders evident the truth of 
the proposition that a well, capable of yielding a 
giyy quantiinr of water, is equally capable of 
Ratting rid of the same quantity by absorption. 
Water is not elastic, and when it bursts up from a 
penetrated rock, it does so not from the force of 
expansion, but from that of hydrostatic pressure. 
And it rises to a certain height only, that of its 
present normal water-level ; when this is attained 
m the well, and there is no outlet below that level, 

nses no further. As it is pumped out, more 
Water takes its place (if the pumping does not 
^oeed the yield of the spiine), out it never stands 
higher or falls lower than a definite point. There- 
jore, if water be put into the well, thus tending to 
increase the height above that point, the action is 
i^eversed, and the water so put in sinks down to 
, the water-level at once, if its quantity does not 
«*«»d the yield of tiie spring. The rapidity with 
Which water flows into a well depends directly 



upon the permeability of the strata through which 
it passes, and upon the same condition depends 
also the rapidity with which it can flow away from 
it ; consequently, the spring is capable of yielding 
and of absorbing the same quantity of water. 

Absorption wells may be employed with safety 
and advantage in getting rid of an excess of water 
from certain locahties, in conveying it to otberd, 
and generally, on a give-and-take principle, iu 
connection with water works, wells, and reservoirs. 
It is beyond question that the total annual 
rainfall of JSngland and Wales is, in every part, 
far in excess (in the ratio of about ten to one even 
in most unfavourable years) of what is actually 
required for a supply to the towns and villages, 
and is sufficient to keep the springs full from which 
its greater part is proposed to be drawn. But 
where no springs exist, either near the surface or 
at a great depth, the rain water or some other 
source must be utilised, if the vast cost of con- 
veying water from one district to another at a 
great distance is to be avoided. The districts 
thus without, or comparatively bare of springs, 
are, however, those upon the older crys- 
talline, metamorphic, and igneous rocks, from 
and beneath wlucn but little, if any, water can be 
obtained. But it is on those non- water-bearing 
rocks that the "upland surface waters" are in 
their greatest purify, and if a sufficient quantity 
of that water can be stored in such districts to last 
over the dry periods, no better supply would be 
needed. These districts, owing to their situation, 
have a very large rainfall, unequally distributed 
throughout the year, the excessive fall of some 
months running rapidly away to the sea, leaving 
several dry months during which no sufficient 
natural source is available. 

Generally speaking, such districts are thinly in- 
habited, the most populous areas being those upon 
rocks that are water-bearing ; the supply of water 
from them having, doubtless, been one of the chief 
causes of the local growth of manufactures upon 
them, and the spread over their surface of a large 
population. A store of water to supply the dis- 
tricts in question might, therefore, be comparatively 
sm^ ; and in any district where it could not weU 
be stored in sufficient quantity, that district will 
certainly be found, in otner respects also, unsuited 
to the maintenance of a large community. In the 
rare cases where a supply can be had neither from 
springs nor by storage of rain-water, the streams 
and other present sources of supx>ly must be relied 
on, possibly extended and certainly improved in 
regard to filtering arrangements. 

In these suggestions, rivers and streams are not 
proposed to be utilised as sources of supply, except 
m the rare instances just mentioned, as their 
waters, being all more or less polluted, can only 
be rendered fit for drinking purposes (and this not 
in all cases), by an expensive process of filtration. 
But the head- waters of many rivers, where they 
exist as streams at a high level, and above the 
sources of contamination, may be safelv used as an 
auxiliary supply of good water in such a position 
that it can be economically employed. 

5.— Mode of DisTEiBTrrioN. 

The suggestions under this heading are of neoef- 
sity brief, and of a very general character, details 
being ptirposely avoided. The latter can be of 
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valne only after a complete survey of each distriot, 
and when designed by an engineer, after athorongli 
consideration of all the ascertained facts of physiciil 
feature, geological structure, possible water supply, 
existing works, and special requirements. The 
general plan of each proposed method is described, 
but it is to be understood that these may be 
modified according to the nature of each district, 
and are not to be applied alike to all. In some 
districts aU the modes may be adopted at a con- 
siderable saving of cost, wlme attaining the same 
results as if one plan only were adhered to through- 
out. Indeed, it is scarcely possible for it to be 
otherwise, as any one plan, applied in its integrity 
over a large and varied area, must be costly, and 
ma^ or may not be effectual. 

It is suggested that main lines of reservoirs, at 
a distance apart varying with the circumstances, 
be established along the chief water-shed, or water- 
sheds, of each distriot, the number and size of the 
reservoirs to be governed by the nature of the 
source whence each will be supplied. The avail- 
able sourof s of pure water are of three kinds, and 
have been shown to be — 

1. Shallow wells and surface springs. 

2. Borings to deep-seated springs. 

3. Surface collection of rain-water. 

1. Drift gravels and other pervious strata 
occupy the higher grounds, and yield water 
at a moderate depth. Sites are to be selected 
upon, or rather near to, such beds where 
they occur on the main water-sheds, whether as 
ridges or escarpments. The reservoirs are there to 
be made to a depth below the lowest part of the 
pervious beds ; a channel then cut longitudinally 
through the beds will tap their springs, which can 
be led directly into the reservoirs. Or the supply 
may« in some oases, be taken by pumping from 
shallow wells sunk in the beds, or by leading water 
into the reservoirs from the overflowing springs on 
their margin. 

2. Beservoirs thus situated on the higher 
grounds are in an exceptionally good position for 
obtaining a supply of water from deep- Heated 
springs, and borings there made down to each of 
the water-bearing formations beneath, would 
almost invariably ensure a good supply. 

3. The re«>ervoir8 are, however, not always to 
be made on quite the highest points of the water- 
sherl linn ; th^y may with advantage be situated, 
in cases where no surface springs exist, consider- 
ably to one side of it, thus being below its highest 
level. In this case, where there are no pervious 
surface deposits, all the rainfall on the ground 
above them can bo readily collected as an auxiliary 
supply to that derivea from the deep-seated 
sources. Where there are neither deep nor surface 
springs, reservoirs of the main line may be at even 
a still lower level, on each side of the water-shed 
alternately, thus to collect rain-water from a 
larger area, generally of hard clean rocks, no 
supply, in such cases, being needed above them. 

•The main line reservoirs, when at the same 
level, and if not separated by too grrat an interval, 
are to be connected throughout the district by 
lines of pipes or open channels. When at different 
Ifvels, they are atill to be connected in the same 
way, but must then have intervening weirs and 
aluice-gates, or other appUanoes forr^;Qlatingth« 



flow from the higher to the lower teBorwws. When 
some of the reservoirs are very far apart from 
the others, those only in the same naighboarbood 
are to be connected with each other, thua form- 
ing two or more disconnected main lines in eadi 
district. 

As the head waters of the rivers, risings from the 
higher grounds, flow towards each other to fonn 
imited streams, branches from the Biam water- 
sheds run out towards the points of oonTergence. 
The more important of these main branohea ore to 
be occupied by reservoirs connected 'with each 
other and, if the conditions are favourable, also 
with the main lines, and snppUed wholly or partlr, 
as the case may be, by wells or by mafmce coUeo- 
tions. 

Similar lines of reservoirs to those on the water- 
sheds are to be formed on the flanks of the oeatial 
elevation of eaoh district, all those on the same 
side to be on, or about on, a level with each other. 
They will thus follow contour lines, touching the 
streams near their sources, and getting gradually 
away from them further down the vaE^. Ttoe 
may be one, two, or more of these seoonaary lines 
in each district according to the physical ooodi* 
tions, and the required supply, but ^ere will be 
no subordinate branches. The diagram bdow 
shows generally the position of the main and 
secondary Unes of reservoirs as suggested* 

The reservoirs on the secondary lines will be 
supplied by borings, when the conditianB are espe- 
cially favourable, by spring- heads and \octl 
surface springs (when pure), and by the sarplas 
water from the main lines, but only in very exer- 
tional cases are they to be filled by smfaoe collec- 
tion, and then no lines but those at the higher 
levels. As a rule, all are to be connected by pq)es 
or open channels following the contours, bat 
breaks may be made in the continuity of the con- 
nection, or even of levels, to suit the varying 
circumstances. 

Beservoirs for storing rain-water in the barren 
upland districts can be well and cheaply made in 
such situations, by throwing strong dams across the 
smaller valleys (in colonial fashion). These valleys 
are usually steep- sided, and thus would form small, 
deep lakes, which for many months might retain, 
in good condition, large bodies of water, with a 
comparatively small surface exposed to evapora- 
tion. 

Upon, or rather just above, the lowest ground 
in each district, a continuous line, partly of open, 
and partly of covered aqueducts, to be fonaed 
at descending levels, always sufficiently above 
and distant from the main stream, to supply the 
towns and villages situated near to, and about 
on a level with, the boundary. The aqxieducts 
are to be cont^uous across the district, with 
weirs or sluice-gates at the changes of level ; 
waste weirs are also to be provided at intervala* 
wi^ channels to take the overflow into the 
stream or river. The water in the aqueducts is to 
be derived chiefly from the overflow of the main 
sources of supply on the higher grounds, supple- 
mented bv iKirings to deep-seated sprinss, espe- 
cially to those wUch are known to overflow, and 
thus require no pumping. 

The design and construction of the xessrvocis, 

IaqueductSy and works generally, are pare engineiir-^ 
ing mattflcsy not to be entered on bore ; but a Um 
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brief remarks may be made upon the cbannela of 
connection, the mode of collecting surface waters, 
and nndergroond distribution. It is suggested 
that, for economical reasons, the channels may be 
open at the top on the higher lands, where safe 
from chance of pollution. This may, in some cases, 
involve the cost of fencing, but this addition would 
probably be much more than balanced by the 
diflTerence between that of open channels and of 
iron pipes. In som^ cases stone-ware pipes may 
he used cheaply and with advantage. Iron pipes 
will sometimes become a necessity, where low 
ground intervenes between two reservoirs that are 
to be connected, but in many cases level ground 
may be selected round the end of such depression, 
along which open channels may be constructed. 

In all cases where these open channels are em- 
ployed, thev should be filled to the depth of a few 
inches with jiebbles, or other uniformly coarse 
material, to prevent the growth of plants, and to 
promote the deposition of any suspended matter. 

The rain-water would be collected, where neces- 
Bsry, in cross gutters or open ditches, intercepted 
by channels, following the contour lines ; these 
would deliver the water first into a series of settling 
tanks (except in the barren upland districts), whence 
it would pass into the reservoirs which, in all cases, 
should be of sufficient depth to store a good portion 
ol the storm waters. 

The phenomena of absorption wells may be 
tamed to account, in many instances, for in- 
creasing the yield of springs in one locality at 
the expense of those in another, where the supply 
is much in excess of what is required. There are 
many places in which the springs yield an almost 
unlimited quantity of water, which could be 
diverted into borings made down to another water- 
bearing formation. Each one of these borings 
would absorb as much as it would yield, and this 
absorbed water must;, of necessity, go to feed other 
springs in the same formation, and which could be 
utilised elsewhere, sometimes within the same dis- 
trict, sometimes in those adjoining. In the lattn- 
^, the cost of making the absorption wells should 
be borne by the district thus benefited* In Table 
II absorption wells are mentioned in some of the 
districts where they may be adopted with advan- 
tage ; but not by any means in all, as the existence 
of conditions favourable to their use must be (in 
all cases) determined by examination. 
^ Water intended for absorption to remain awhile 
m the settling tank, or reservoir, to deposit its 
suCTiended matter, passing thence into the pipe 
Jeadmg to the bore-hole and standing up several 
xeet above the floor of the tank, so as to prevent 
the oitrance of sand and other material, by which 
the bore might be oh<^ed. 

All overflow and surplus waters, from any 
80UTCO whatever, mav thus be absorbed, so long as 
toe streams are sufSciently full ; but, when the 
^eauis are low, or falling, all surplus water must 
•Je allowed to pass into them by the overflow 
Channels provided. Frequently, pervious beds 
outcrop along the flanks of hills and escarpments 
w at am the diagram, and at a lower level 
^ lateral vaUeys, when they can be used in a 
»OHlar manner. By a simple process of heading 
• if '^ ^*^ ^^ '^PO"^ selected parts of their surface, 
fl2^v '•P^^y absorbed, and made to pass in to 
*«ea the spnngs beneath the higher ground. 



CoircLUBiiro Remabks. 

An endeavour is made in these suggestions to 
effect, in almost every district, a combination, 
based upon the varying peculiarities of physical 
feature and geological structure, of two or more of 
the methods described in general terms ; and to 
ensure by these means a rehable supply of whole- 
some water to the towns and villages, at the smal- 
lest possible coflt consistent with that result, and 
with the establishment of works of a permanent 
character. 

It will have been seen that the suggestions are 
founded upon the assumption that the largest 
supply of the purest water is t3 be obtained upon 
and beneath tne highest grounds, and it is confi- 
dently believed that in a great majority of cases, a 
supply ample for the wants of a whole district 
may be derived from and beneath the water-> 
bearing beds which occur in greatest number and 
most favourable circumstances beneath its water- 
shed. Where water is known to occur in abimd- 
ance at lower levels it will, of course, be utilised 
also to reduce the cost of the works elsewhere. It 
is, therefore, proposed to establish the more import- 
ant of the requisite works, reservoirs, pumping 
stations, &o., upon the main water-sheds of each 
district, the reservoirs being connected, and sub- 
ordinate pumping stations at lower levels, when 
they may be found necessary or desirable. The 
main pumps to be constantly at work, to keep the 
connected reservoirs full to over-fiowing, the over- 
flow (which, however, need not be large) to be di- 
rectea into the secondary reservoirs below or their 
connecting channels, wmch in turn will flow over 
into those (if any) at still lower levels, and those 
again into the low level aqueduct, whence it 
passes into the river. 

By this plan of connecting the reservoirs, the 
supply will be equalised over a large area, and 
there will be a constant circulation of the water 
beyond that caused by the actual consumption; 
but the additional water for this purpose need not 
be obtained at the expense of the streams. It will 
come chiefly from deep wells, and storm- water 
stored at high levels, and as the overflow can, 
where necessary, be directed into the streams at 
various points along their course, it will more than 
compensate for what may be, in some oases, taken 
from them at their source. "When the reservoirs 
and channels are once full, the quantity required 
will be only equal to that of the actual consump- 
tion, plus the small per-centage for the proposed 
method of droulatioti. This additional water, if 
found necessary for circulation beyond what is kept 
up by consumption, may be utitised as a motivo 
power to aid in the pumping. 

There will be no necessity for a large reserve of 
water, beyond the requirements of anv area, such 
as must always be provided where worxs are inde- 
pendent of each other, for every reservoir acts as a 
reserve to the others, and each may be propor- 
tionately smaller, at a saving of cost without 
decrease of efficiency. 

The main reservoirs being on the highest ground, 
all towns and villages can be supplied with water 
by gravitation. This is an important consideration 
from an economical point of view ; for, admitting 
that the work, as a whole, involves a great outlay, 
it must stiU be far bdow that which would be 
required even for each town (to say nothing of 
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Tillages) to provide pumping-sfcations and water- 
works of its own, in many of which water-towers 
and costly machinery would form necessary parts 
of the undertaking. 

Each town and village would have a constant 
supply, taken by mains from the nearest reservoir 
or aqueduct at the proper elevation, the cost of 
such mains and local works being borne by the 
town and village, while that of the general works 
— ^pumping-stations, reservoirs, aqueducts, and 
channels — would be equally or ouierwiso fairly 
distributed over the entire district. 

In Table II, pages 40-43 in Appendix, particulars 
of each district are given, concerning its area, 



population, rainfall, geological structure, the 
water-bearing characters of its rocks, and (in 
general terms^ the mode of supply to each based 
upon its physical conditions. 

It may be added that a scheme of this kind 
could be carried out by degrees ; if adopted for a 
small diptrict, and there thoroughly tested, it 
might be gradually extended to other districts if 
the experiments were successful. All existing 
works might be utilised, dispensing with any 
polluted or doubted source of supply, and adopt- 
ing those that are sketched out ra&er than oe- 
scribed in those suggestions. 



APPENDIX. 



TABLE I. — SEonoKs— Oeologt and Boi72n)ABia9. 



Section A. On Oarboniferous rocks. 

B. On Silurian rocks (Lake District). 
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G. On Carboniferous, Trias, Lias, Oolites, and 
Chalk. 

D. On Carboniferous and Trias. 

E. On Lias, lower Oolites and Oxford day, some 

Chalk, and the Fenland. 

F. On Silurian. 



„ G. On Old Bed and Carboniferous. 
H. Cretaceous and Tertiaries. 
I. On Chalk and Tertiaries. 



„ K. On Wealden, Gault, and Upper Greensand. 
„ L. Oontinuatian of Section E. 
„ IC. Similar to Section G. 



N., Scotland; W., Kiver Eden; E., North Sea; S., 

River Tees. 
N., Solway Firth ; W., Irish Sea; K, Biver Eden; S., 

Biver Kent. 
N., River Tees ; W., River Kent; E., North Sea ; S., 

Bivers Ayr and Humber. 
N., Bivers Ayr and Humber; W., Rivers Dee and 

Severn ; E., Biver Trent ; S., River Avon. 
N., River Humber; W., Rivers Dee and Avon; £., 

River Ouae and North Sea; S., Rivers Ouse and 

Thames. 
N. and W., Lish Sea ; E., Rivers Dee and Severn ; S., 

Rivers Treme, Wye, and Teame, and the Bristol 

Channel. 
N., Rivers Treme, Wye, and Teame; W., Bristol 

Channel ; E. and S., River Severn. 
N, River Ouse ; E, North Sea ; S, Rivers Kennet and 

Thames. 
N., Rivers Thames and Kennet ; W., Rivers Stour and 

Frome; E., English Channel; S., English Channel 

and River Medway. 
N., River Medway; W., River Aran; E. and S., 

English Channel. 
N., River Severn; W., Rivers Culm, Tene, and Ivel ; 

E., Rivers Stoor and Frome ; S., "Rn gKaK ChaaneL 
N., Bristol Channel ; W., Atlantic Ocean ; £., Riven 

Calm, Tene, and Ivel; S., English ChanneL 



TABLE n.— DisTMcTfl. 






in 



480^000 

480,000 

648,000 

1,070,000 



Fbpola* 
tion.* 



1»,000 

129,000 
140,000 
766,000 



AvemM 

RainfaU 

lninchM.i 



38 

8S 
48 
8S 



Geoloffieal 



Ourboniferoiifl 
Igneoiuzook* 



CkrboniferotiB 
Killstone grit 

OurboniferoQs 
Millstone grit 

Banter 
Carboniferooi 
Millstone grit 



Water-bedrinff or 
otherwise^ 



Uncertain. 
Non-water-beuing, 

Uncertain. 

Uncertain. 
ft 

Water-bearing. 
Uncertain. 



Mode of ^iri^sSS^urf"^ in 



Two central dieoo m iected mnin «Bd bnarh 
linee of reaerroirB, and aeoondacj bnnch Uoei 
at lower levels ; soimliod partly by w«Ila and 
parti/ by nizf ace ooUeotioa. 

Mainlmeandtwobrandbeson W.aide,w]<li 
branch lines at lower levela ; paitly by weik 
and partly byenrface ooUeetioai. 

Two central dieoonneoted main and two 
branch lines, with eeoondaxy bnndk Iidm; 
partly by surface collection. 

Three connected main Unea, with McoBdaiy 
branches ; chiefly by mifikOB '^^^rr^ fim ; the 
8.E. comer, by wella in bunter. 



* "Loeal Oovenunent Directory." 
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Table TL—iContinued,) 



in 



1,185,000 

063,000 
480,000 



448/)00 
441,000 

470/)00 



685,000 
631,000 

687,000 

804,003 

790,600 

760,000 

996,500 
6XM)00 

417,500 
674,000 
8t7/)00 
600,000 

878,000 

580,000 

128,000 
688,000 
479,000 

,000 



Popular 
tion.» 



486,000 

090,600 
866,000 



846/XX> 

843,000 
665,000 

860,000 



1,980,000 
761,000 

446,000 

488,000 

650,000 

478,000 

906,000 
689,600 

956,500 

818,600 

970,000 

468,000 

126,000 

160,000 

168,000 

85,000 
166,000 
158,600 

144,500 



Avenge 

BainfaU 

ini&chee.t 



63 

60 
89 



86 
60 

98 



43 
89 

86 

97 

83 

82 

88 
38 

86 

88 

96 

95 

85 

98 

90 

66 
60 
86 

64 



Geological 
Formations.^ 



Silurian ... 
Oarboniferoui 
Banter (small area 

only). 
Silurian ... 
Millstone grit 
Bunter 
Hfllstone grit 
Bunter 
Keuper ... 
Lias 

Oxford dar 
Lower Oolites 
Keuper 
Lias 

Oxford day 
Lower Oolites 
Millstone grit 
Magnesian limestone 
Banter 
Millstone grit 
Carboniferous 
Bunter 

Bunter 

Keuper 

Neooomian... 

Uas 

Chalk 

Drift 

Millstone grit 

Carboniferous 

Banter 

Millstone grit 

Carboniferous 

Magnesian limestone 

Banter 

Millstone grit 

Carboniferous 

Bunter 

Keux)er 

Magnesian limestone 

Carboniferous 

Bunter 

Keuper 

Carboniferous 

Bunter 

Keuper 

Carboniferous 

Bunter 

Keuper 

Keuper 

Bunter 
Keuper 

Lias 

Oxford day 
Lower Oolites 
Lias 
Lower Oolites 

Lias 

Oxford day 

Lower Oolites 

Keuper 

Lias 

Lower Oolites 

Neooomian... 

Lias 

Oxford day 

Lower Oolites 

Neooomian... 

Chalk 

Drift 

Oxford day and 
allavium (forming 
the Fen land). 

Silurian 

Silurian 

Silurian 
carboniferous 
Bunter 
Silurian 



Water-bearing or 
otherwise.^ 



Non-water-bearing. 

Unoertain. 

Water-bearing. 

Non-wate-rbearing. 

Uncertain. 

Water-bearing. 

Unoertain. 

Water-beaxing'. 

Unoertain. 

Non-water-bearing. 

Uncertain. 

Unoertain. 

Non-water-bearing. 

Unoertain. 
Unoertain. 

Water-bearing. 
Unoertain. 



Water-bearing. 
Unoertain. 



»» 



Non-water-bearing. 
Water-beaxing'. 



f» 



Unoertain. 



»» 



Wateivbearing. 
Unoertain. 

i» 

Water-bearing. 
Unoertain. 

Water-bearing. 
Unoertain. 
Uncertain. 

Water-bearing. 

Unoertain. 

Uncertain. 
Water-bearing. 

Uncertain. 

Uncertain. 
Water-bearing. 

Unoertain. 
»» 

Water-bearing. 
Unoertain. 

Non-water-bearing 

Unoertain. 

Non-water-bearing. 

Unoertain. 

Non-water-bearing. 

>t 

Unoertam. 

Unoertain. 
Non-water-bearing. 

Unoertain. 

Unoertain. 
Non-water-beaiing. 

»» 

Unoertain. 

Unoertain. 

Water-bearing. 

»» 
Non-water-bearing 



Non-'water bearing. 

Non-watei>bearing. 

Non-water-bearing 

Unoertain 

Water-bearing. 

Non-wator-bearmg 



Mode 



of Supply : described geneFally in 
the " Suggestions.'' 



Radiating main lines of reaenroirs, with 
secondary branches \ by surface ooUection. 
The extreme N. by auxiliary wells in bunter. 

Central main lines, and secondary brandies ; 
by surface ocdlection, and by wells in bunter. 

Two diBOonnected main lines, and secondary 
branches ; chiefly by wells in and down to 
the bunter sandstone, and by surface ooUec- 
tion. (Absorption well in bunter, for suiplus 
surface wator ftom the millstone grit.) 

Two disconnected main lines and secondary 
branches ; dUefly by wells in lower Oolite. 

Two disconnected main lines, and secondary 
branches ; chiefly by surface collection ; on 
the E. by wells in bunter. (Absorption welL) 

Two disconnected main and two branch lines, 
and secondary branches; by surface coUeo- 
tion; auxiliary wells on the £. in the bunter. 
(AbeoxptionweU between this district and D« .) 

Two ^aoonnected main and one branch Unes, 
and seocndary brandies; wells diiefly in 
chalk. 



One main and one brandi Une, and second- 
ary brandies: by wells and surf aoe ooUection; 
auxiliaiy wdls on S. and W. ill bimter. 

One main and two brandi lines, and second- 
ary branches ; diiefly by surface ooUeGtion ; 
auxiliary wdls on E. in bunter (Absorption 
weU between this district and C» .} 

One main and one branch line, and seoood- 
ary branches ; partly by wdls, and partiy by 
siuf ace collection ; auxiliary weUs in bunter, 
onW. 

One main and one Inandi line, and seoondr 
ary branches ; by wdls chiefly in and down to 
bunter ; by surface coUection on the W. (Ab- 
sorption wbU.) 

Two disconnected main lines, with three 
brandies and secondary brandies ; chiefly by 
wells in and down to bunter. 

Main lines on N.E., with three brandies and 
secondary brandies ; diiefly by weUs in and 
down to Dunter. 

Main line and secondary bianohes ; diiefly 
by surface coUection. 

Main lines with one brandi and seoondaxy 
brandies ; chieftrby surface ooUeotum, aiudll- 
aiy wdls on N.W. in banter. 

Two connected main lines, with secondary 



brandies: partly by wells in and down to 
lower Oolite, and partiy by surface ooUection. 

By main lines, witn two brandies, and 
secondaiy branches ; by wells in lower OoUte, 
and partly by surface ooUection. 

Two dlBOonneoted mainlines, and secondary 
branches; by wells in lower OoUte, ana 
partiy by surface ooUection. 

Two connected main linest and secondary 
branches ; by wells in lower OoUte,and partly 
by surface ooUection. 

Two connected main lines, and secondary 
branches ; by weUs in lower OoUte, and partly 
by surface ooUection . 

Main line, with four brandies, and secondary 
brandies; by weUs chiefly in and down to 
diaUc. 

Extension and impcorement of the existing 
mode of supply. 

Main line, and senrmdary biaaohes; by 
surface ooUection. 

Threedisoonnected main lines witii secondary 
branches ; by surface coUection. 

Two disconnected main lines with secondary 
branches ; chiefly by surface ooUection. 

Main lines with two branches, and secondary 
brandies; by surf ace ocdlection. 



* " Local Qovemment Direc t ory." 

•f Badiindi of xainlaQ represents 100 toDB Of water per acre. Compiled ftom report of Hiren Pollution Commisiion. 

X Bqportof BiTBnFoUiitNnComiiuaiion. 
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Table n.—iC<mUnu^.) 



in 



r 

!• 

F»» 
Q> 

G* 

G* 

0* 

H> 

B* 
B« 

B* 

a* 

B? 

H» 
H>» 

r 
JP 
p 

r 



896,000 

880^000 

686.000 

41IM)00 
MMXK) 
888f000 

4K)6»000 

fl78>600 

«XH800 

48B»00O 

SMiOOO 

866)000 

80B|000 
96,000 

8S1|000 
68f|000 

4BjOOO 

8BfO0O 

486,000 

600,000 

810^000 
878,000 

881,000 

iOtiOOO 

80«/N» 

648,600 



PopUlA" 

tion.* 



r,ooo 

88,000 
880^000 



290,600 

69,000 
178,000 

n/m 

40,000 

86,000 

880^000 

188,600 

160,600 

M1,000 

894,000 

961,600 

166,600 
896j00O 

864,000 

89IV0OO 

64jOOO 
990^000 

168,000 

900,000 

116,000 
810,000 

170/X)0 

806,000 

418y000 

667,000 

498,000 

86,000 

160^000 



Averaffo 

Bainfall 

ininche8.t 



88 

48 
60 

66 
46 
40 
46 

46 



80 



80 



80 



0«olo^cml 
Fonnation»4 



Sflnrian 
01dx«d ... 
Kenpcr 
Silurian 
Old zed ... 
SUiimn 
Old red 
Carboniferoas 

Saorian 

Silurian 

Gktfboniferoiif 

OurboniferoUB 



Old red 
CBrboniferotts 

Old red ... 



Old red 
Eenper ... 

Oxford day 
Neooomiaa ... 
Chalk 

Neooomian... 
Oxford dar... 
Lower Oolite 
Chalk 

London day 
Chalk 
Lcndon day 

Neeoiaian •.. 
Chalk 
London day 



VfTater-bearing or 
otherwise. $ 



Uncertain. 

Kon-water-beazing 

Uncertain 
Non-water-bearing 

Uncertain. 
i» 

Non-water-beanng 
Non-water-bearing. 

Uncertain. 

Unoartain. 



Uncertain. 
Uncertain. 

Uncertain. 



Mode of Supply : described nneially in 
the*'Sn^cati<nu- 






Chalk 
London day 

Chalk (moadyeorered 

bv drift) 
Lonaonday 

Chalk (moetlyoorered 
by drift) 

Chalk (moetly ooTered 
by drift) 

Chalk (moattyoovand 

byorift) 
Neooouian ... 
Chalk 

Eocene ... 
Chalk 
Eocene 

Chalk 

London day 
Bagahot 
Neoeomian... 
Chalk 
Eocene 
Neooomiaa ... 
Chalk 

Weald day... 
London day 
Neoeomian ... 
Clialk 

London day 
Wealden ... 
Cretaoaooa ... 
Eocene 

Hastinga beda. 
Neoeomian... 
Weald day... 
Chalk 



Uncertain. 
tt 

Non-water-bearing 

Uncertain. 

Watcr-beariog. 

Uncertain. 

Non-water-bearing 

Uncertain 

Water-bearing 

Non-water-bearing 

Water-bearing. 
Non-water4>aanng, 

Uncertain. 

Water-baazing. 

Non-water>beanng 

(water-bearing beds 

beneath.y 

Water-bearmg. 

Non-water-beanng, 



Water>bearin(^. 
Non-watez^beanng. 



Watci-bcaring. 



Water-bearing. 



Water-bearing. 

Uncertain. 
Water-bearing. 

Water-bcariag. 
» 

Water-bearing. 

Non-water-bearing. 

Water-beaziog. 

Uncertain. 
Water-bearing. 

Uncertain. 

Water-bearing. 

Non-water-bearing. 

f» 

Unoertain. 

Water-bearing. 

NoD-water-beanag. 

Uncertain. 

♦» 

Water-bearing. 

Water-bearing. 

Uncertain. 

Non-water-bearing. 

Water-bearing. 



Two connected main linea, and aecondary 
branches ; by surface collection. 

Kain line and aecondary brondiea ; by surface 
collection, and wells in old red sandstone. 

Two connected main lines with one brandi, 
and secondary branches ;by surface oollectiea, 
and wells in carboniferoua and old red aand- 
atone. 

ICain lineaad aeoondazybraadiea ; byanzfaee 
c<dlection. 

Mainlinaand aeooodaiyhrazNhaa'.byaarfaee 
collection. 

Main line, with two branchea, aikd aeoondaiy 
braacfaes ; by surface colleetian. 

Two connected mala lines, and aaeDndaiy 
brandies; bv wells in eazboniferoos, and 
partly by surface collection. 

Two connected mala Uaea, aad aeeoodary 
brandies ; by wdla in oarboirif erona and eld 
red aandstone. &o. 

Two disconnected main lines, aad aeoondazr 
bnachea ; by wdla in old red aaadatoae, and 
partly by eiofaca collection. 

Two diaoonneeted main linear aad seeondazr 
branches ; by wells in old red aandatone, and 
partly by surface collection. 

Three connected main lines, aikd 
bnndiea ; by wdla la tba ehalk. 



aad 



aaoondtfT 



'JS. 



Tlvee oonaeoted main linea, 
bianchea ; by wdla ia lower 
lower OoUto. 

Two connected main linea, and 
braachea : by wellainthe dialk. 

One mam line and aaiiiiiMlaii I 
wdla in the chalk, and partly oy 
lection. 

llvee oonnaeted main liaea aad aaooodaiy 
bnadica : by wella ia aad down to flia dialk. 

One mam Ime and aecondary hrandiea ; by 
wella down to lower London tcrtiaziea, tad 
partly by auzf ace collection. 

Two diaaannected aada Uaea aad baaaMhaa ; 

by wella down to lower London tertiarias, 
aad partly by aurfaoe oollectiaa. 



Two disconnected main Ikiea, with 
braadi and aeo<mdaiy bcandkea; by walls 
down to the dialk, aad by sozfaaa eollaotioB. 

Two connected main unea aad aeoondazy 
biaaches ; by wella dofwa to the ehalh* and by 
aorfaoc coUectioo. 

One main line, with three bianchea and 
aeeondary branchea; by wdla dava to the 
chalk, and by surface coUectioo. 

Main line and aeoondazy bzandiea ; by wdla 
down to the chalk, aad m aozf aoa eoJIartina 

Two connected main Imaa, with one main 
brandi and aeoondarr brandias ; by weUs in 
chalk, and in eoeena oedaon the 8. 

Three connected main linea aad 
braachea: by wella in dialk, aad ia 
bade on taa B. 

Main linea aad aecondary biandiaa ; br w«u 
ia the chalk ; ia Bagahot oeda oa the N. 

By two ooaaeeted main liaea, with thy 
bnuachea and aecondary brandiea ; by waUa 
in the dialk aad lower I 

Three main linea 
by wella ia dialk aad loi 



BCaia Uaea, with three braachea aad 
azy bianchea; by wells in .the chalk 



and 



Main line and secondary btaaehes; by^^ 
~ aurf aaa ooUaotiaa. 



VwB 

braadiea ; by wdla ia the chalk* lower 
aaad, aad Haatlaga beda. 



• <« Local Oovatameat Diraetoy." 

4" BaehiadkofrBialalLiaiaaaeBtalOOtQnaof 



vttiK Mff aan. ^■■■■'fi«i tntk nsdit od ttvHi ftrfl aiiu a 



ii 




Map of Distbiots Psofosxd bt Pbofbssor Akbtsd. 
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TiSLB n.—{CoiUinued.) 





Area 
in acres.* 


Popaln- 
tion.* 


AytmgB 

BAinfAll 

in Inchee.f 


K« 


666»600 


848,000 


88 


V 


aoo»ooo 


164«000 


88 


u 


500,000 


210,000 


29 


u 


tfOjOOC^ 


1B5/)00 


80 


L* 


450»000 


142,000 


86 


M> 


SBMWO 




48 


U* 


643,000 


mm 


82 


y? 


8M/NN> 


84»,000 


88 


H* 


403,000 


181,600 


85 



Oeoloffical 
TamuLUODB.t 



Hastings bedi 

Neooomian... 

Weald day... 

Chalk 

Oxford d*7 

Lias 

Lower Oolites 

Bontcar 

Oxford elay 

Lias 

Lower Oolites 

Bunter 

Lias 

Lower Oolites 

Oxford (day 
Chalk 
Booene 
Igneous 
Old red 
Millstone grit 
Xgneons 
Oldred ... 
Millstone grit 
ligneous 
OidnA ... 
Millstone grit 
Oldred 
Bunter ... 



Water-bearing or 
otherwise.! 



Water-bearing. 

Uncertain. 

Non-water-bearing. 

Water-bearing. 
Non-water-beanng. 



ft 



Uncertain. 

Water-bearing. 

Nonr-watcr-beanng. 

Uncertain. 

Watei^bearinf^. 

Non-water-beanng. 

Uncertain. 

Non-water-bearing. 
Water-bearing. 

»» 
NoiD-water-bearing. 
Uncertain.. 

Non-watovbeariog. 
Uncertain. 

Non-water-bearing. 
Uncertain. 

Unoertain. 
Water-bearing. 



Mode of Snpfdy ; described genenUy in 
the'^Sogvestions.^' 



Main line and secondary bnndMs: by walls 
in the Hastings beds, and on tne 8. la 
chalk and lower greensiind. 

Three main lines and secondary bzaaohes; 
partfy by wells in and down to lower Oolite, 
and partly by sorface collection. 

Mam line^rith seoondaiybtimchee; partiy 
by wells in and down to lower Ocditas, and 
nartly by surface collection ; auxiliary wells 
m bnnter on W. 

Two oonneoted main lines* and aeooadtary 
branches: by wells in lower Oolite on SL, 
and bunter on W., partly by surface coUeo- 
tion. 

Three oonneoted main lines and seoondaiy 
branches ; by wells in the chalk and eocene 
beds. 

Main line and seeondary InaochM; chidly 
by surface odlectioa. 



Mainline and seeondary bxwiflbes; eUiftr 
bTsarfaceooUeetion; aujdUary wttQa m mflf* 
Svone grit. 

Three main Unas with two braaehw and 
secondary bmaches ; chiefly by surface eoU 
lection: auxiliary wdls in old m sandstone. 

Two disoonnected main lines and seeond ar y 
branches; by wells in banter, and by auifkoe 
collection. 



" Looal Ooteimnent JMraetory.** 

Baohinehof rainfall xevresents 100 tons of water per acre. Compiled from nport of Btfsn Pollntioa CommiMiaa. 



t Beport of Bivers I^oUution Commiasian. 



ESSAY BIT PBOFESSOB ANSTED, F.ILS. 

Motto.—" Water, water, ererywhero,* 
And not a drop to drink." 

A syatematio dmBioii of our country into districts 
iot wftter supply, presumes the existence of a map 
in which the linee of water-parting between the 
riyer basins are marked, and the induded areas are 
calculated. A map of this kind, prepared by Mr. 
Petermann, was published many years ago, and was 
accompanied by references to the rainfallin different 
parts of the country as then determined. This map 
was on a small scale (25 miles to an inch), and 
leferred only to the larger catchments. Yery 
omilar ma»B were afterwards prepared and pub- 
lished in the Appendix to the Beport of the Duke 
of Bichmond's Commission, and again in the Sixth 
Beport on the PoUutioii of Bivers. One of these, 
marked with lines of water-parting and notices of 
ninfall, was coloured geok>gicaUy. These and 
maps prepared for the Beports on the Fisheries, 
are among the pubhahed eyidence that will be 
referred to. 

The most important map in reference to the sub- 
ject is that published by the Ordnance Survey, 
entitled, " Birers of England and their Catchment 
Basins." This map is (Sawn to a scale of 10 miles 
to an inch, the maps just referred to being 25 miles 
to an inch. In it the whole of England and Wales 
is parcelled out into 215 districts, which vary in 
area from three square mOes to 4,613. Of the 
^ole number more than 60 are drainagea of small 

* Two MHTs mm sent iauadeK this motto. 



unnamed streams or tracks, having no drainage 
system. Of named streams a considerable number 
are small, unimportant, and have no urban popu- 
lation. 

Of the remainder, about 70 consist of complete 
river basins. The rest are basins either of indepen- 
dent streams or tributaries, but include adjacent 
tracts between the mouths of adjoining basins. In 
this map the area of each district is ca^iulated, and 
the rainfall as given by Mr. Symons' returns, is 
indicated at a large number of stations throughout 
the different catchments. 

It may be observed, with regard to this map, that 
no attempt is made to group the districts, that the 
areas of some of the complete river basins and of 
some tributaries do not agree with other measure- 
mente made carefully by engineers for special 
purposes and published, and that the ramfall 
records are imperfect and require revision. Not- 
withstending uiese drawbacks, the Ordnance Sur- 
vey river map must, at present, be referred to as 
the basis of any practical system of grouping river 
basins for water supply. 

A work of my own, on "Water and Water 
Supply," recentiy published, contains a systematic 
account of the various catehmente of the British 
Islands, arranged in 18 principal groups, eight 
of them English, and much information on the 
general subject of the distribution of surface 
waters. It contains, also, a number of estimates 
of the areas of catehmente, and of portions of the 
larger river basins, and many references to the 
gediogy and topography of the basins. 

la we publisnea account of the Water Oongres* 
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of last year, at the Society of Arts, there are sug- 
gestions by sereral authorities as to the grouping 
of the catchments for special purposes. The fol- 
lowing are the most important : — 

Mr. Oonder suggests 10 groups, varying in 
area from 2,500 to 9,400 square miles, and in 

Sopulation from 1^ to 5 millions, but gives no 
etails. 

Mr. De Banco proposes 14 groups, Tar3mig 
greatly in extent, and not clearly defined. The 
area in each district occupied by rocks of the 
same geological age is stat«i, and also the area 
in each presumed to have permeable strata at the 
surface. 

Mr. Parry advises a division of the country into 
15 to 20 districts, as a proper number to admit of 
the supervision of each for water supply, by an 
engineer to be appointed for that purpose. He 
does not, however indicate his proposed groups. 

Mr. Shelf ord points out that a large proportion 
of the so-called catchment basins of the Ordnance 
Surv^ river map being within one, two, or three 
counties, might conveniently be grouped and 
brought under existing jurisdiction, 11 important 
rivers being left for special consideration. Ko 
method of grouping is suggested. 

A large amount of valuable information, con- 
cerning uie subject now under consideration, exists 
in the Beports of Commissions, already referred to, 
and in other Parliamentary and official documents, 
but the author is not aware of other special sug- 
gestions concerning the grouping of catchments, 
than those just alluded to. 

Under these conditions of published evidence, 
the following suggestions are offered : — 

SuitPAOE Waters. 

1. To divide England and Wales into principal 
districts, each consisting either of one complete 
river basin, or of a group of adjacent river basins 
under similar physical conditions. Such a division 
is attempted m a tabular statement appended 
fsee p. 53), and indicated in the accompany- 
mg map. Of the districts suggested, six are 
prmcipal river basins, namely, the Thames, the 
Severn, the Ouse, the Trent, the Mersey, and the 
Bibble, the importance of the last two being due, 
not so much to the extent of their drainage area, 
as to the magnitude and number of the towns 
included within them. Five are groups of small 
adjacent catchments, within which are compara- 
tively few large towns, and which have a small 
urban population. One group comprises three 
principal rivers, all entering the sea by a common 
estuary, the Wash ; and one comprises the river 
basins of Durham and Northumberland, which 
have important natural relations, and form a con- 
venient group. Of these 13 divisions, the state- 
ment referred to shows, in each case, (1) the total 
drainage area included, (2) the mean annual rain- 
fall over the whole area, (3) the total urban popu- 
lation, estimated from the population of towns of 
1,000 inhabitants or upwards, according to the 
last census ; and (4) the proportion of urban popu-^ 
lation to each square mue of drainage area. 

2. To subdivide these districts into convenient 
and natural groups of moderate extent. In the 
case of the great rivers, many tributaries may 
be regaided as independent catohmentSy while 



others group themselves without inoonvenience. 
The large groups of small catohments may 
be conveniently broken up into smaller groapA. 
The sub-division thus suggested is attempted in 
Appendix I. to this memoir. In the tables here 
stibmitted there are 43 districts, of each of which 
the following particulars are given: — (o.) The 
geographical position of the river, tributary, or 
group of streams. (5.) An account of the geology 
of that part of the principal drainage az«a included, 
indicating especially the rocks in which the streams 
originate, those over which &ey flow, ud the 
general nature of the drainage area, (c.) The 
extent of the drainage area included, stated in 
square miles. The authority for the figures is the 
Ordnance Survey map of rivers, corrected and 
modified in many cases by ot^er published state- 
ments, (d.) The mean annual ndnfall orer the 
district, obtained by averaging the records within 
the drahiage area published in tne Ordnanoe Survey 
map. (e.) Urban population of the district. ^ The 
areas included in these sub-groups, with the ungle 
exception of the catchment basin of the Great Ouse, 
are less than 2,000 square nules in extent^ and all 
are above 500 square miles. 

3. To tabulate the names, relative position, and 
extent of drainage area of all the streams in Eng- 
land and Wales, whether primary oi' tributary, 
within whose catchment areas there is any urban 
population, and to estimate the amount of such 
population with regard to each steeam. The 
tabular statements oSSered in Appendix XL have 
been prepared to supply the facts required to cany 
out this suffgestion. The catchment arras are, 
however, omy given approximately, except in those 
cases where accurate measurements have oeen pub- 
lished, or where the rivers are referred to in the 
Ordnance Survey river map. The names of the 
principal or primary tributaries of the large livetB 
are given in these tables, but the names of many 
of the secondary feeders of importance will be found 
in Appendix Ul. It has been thought expedient 
in these tables to state the extent of countxy not 
included within the catchments, but estimated in 
the totals of drainage area of each sub-district. 

4. To tabulate the names, position with regard 
to natural drainage and natural river basin, and 
population of all the towns in England and Wales 
of more than 1,000 inhabitants. The tabular 
statements in Appendix III. have been prepared 
to meet this suggestion. The number of towns 
tabulated is nearly 1,000, and they are so ananged 
as to indicate the position of each with vsgara to 
the river basins of tne country, and with regard to 
other towns on the same stream. 

5. The divisions and sub-divisions here p ro poeed 
being accepted, it would be desirable, for the pur- 
pose of water supply, to collect and tabulate as 
many trustworthy analyses of the waters of each 
stream as can be obtained. A very large number 
of such analyses will be found in the Sixth Beport 
on the Pollution of Rivers, others have beenjpab- 
lished in the work quoted on " Water and Water 
Supply," and others would be obtained from 
tinguished chemists. 

6. A complete alphabetical index of the 
and towns mentioned in the lists and tables hers 
suggested would be desirable for releraiioe, should 
the suggestions be adopted. 

?• A map on the scue of the Ordnanoe Bmrmj 
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riTBr map, in which the positioai of every town 
and every stream is marked, and in which the 
divisions and snb-divisions adopted are duly in- 
serted, wonld be of great inte^st and value for 
reference. 

UVDEBGBOUin) Watebs. 

A supply of pnre water to many towns, and to 
Tillages and collected populations not numbering 
1,000 souls, must frequently depend on the possi- 
bility of reaching underground sources, and the 
cost incurred in rendering these sources available. 
It is suggested, however, that no division of our 
country into districts, other than those marked by 
certain colours on geological maps, would be of 
practical use, and as such maps are well-known, it 
is not thought necessary to append one to the pre- 
sent memoir. 

It addition to the great geological map of the 
smrey, on a scale of one inch to a foot, and the 
reduced maps by Professor Bamsay and others, 



maps of small portions of the country have been 
prepared by Mr. Lucas as hydrogeological maps, 
which are of use to those who are seeking water in 
certain rocks. 

Should the general suggestions for a division of 
the country into groups here recommended be 
adopted, so far as surface waters are concerned, it 
would be desirable to supplement the tables given 
by preparing a list of the smaller populations 
situated on or near permeable and water-yielding 
rocks, and mark their position on a map on which 
the presence of permeable or impermeable rocks is 
indicated 1^ a tmt. According to the estimate of 
Mr. De Banco, about 20,000 square miles of 
England consist of permeable rock, nearly 9,000 
being chalk, and nearly 7,500 triassic sandstone. 
The suggestions required by the Council do not, 
however, seem to extend to tins part of the subject 
of water supply. 



APPENDIX I. 

SrATSHSirT OF Sttb-Gbottfs op Catchmsnts mr England and Waubs, indicating the Geografhioal 
PosinoK, GeoiiOgy, Rainfall, Dbainagb Abbas, and Ubban Pofulation of Eao? Geoitf. 



GBOUP A.— Thb Basin of tbb Thaxbs. 

Statement of the sah-diylBioziB of the haain, showing the geographiosl limits, the geology, 
the mean annual rainfall, and the extent of drainage area of each. 



OwifiaphfaJ lAnit. 



«. TlieriTvfktx&itoBOiiroMtothe 
nrge of tiie ThamM near Fuigt- 
ooun, «mJwiH«ff the early tribu- 
teriesMfwMwe l^une. 



D< The rim fton Ansfbonra to 
Teddiiigtoii, with the tribateziee on 

both banks. 



Xm0W Awui. 

^,e. The riT«r from Teddington to 
the Ma, with the trihatuiaa. 



Geology of the Diatriot 




All the eazly feeden of the Thamea, aa Iw aa Oxford, 
oriffloate in the Uaa or lower Oolitea of the Oottawolda, 
ana flow entirely over aimilar rocka. Some of themmn 
for a oonsidemble diatanoe over the Uaa b e tween banka 
of OoUtio rook. 

Below Oxford the river ia Jolaed by the Oek and the 
Tame. Both riae in the lower cretaoeoua rooka, bnt 
diiefly flow over OoUtea ; the Tame, however, naaaea 
throuffh a tract of lower and npper greenaana and 
ganlt before readiing the nuunea 



^e tribatariea on the nortii liae in and flow over 
the diaUc. the Goto paaaing for a short diatanoe over 
London day near ita junction with the Thames. The 
othera xiaein cretaoeoua rocksu bat flow chiefly over 
London olay, and eocene aanda. Below Beading the 
Thamea flowa exdnaively over London day ... 



Hie tribatariea from the north rise in and drain for 
aome distanne the chalk, aome of them only entering 
the London day near the river. The lower nart of the 
Lek, and the wnole of the Boding, the Ingerbum, and 
the Cronoh, are ezdoaivdy in the London day. 

The southern tributaries riae in lower cretaceous, or 
Wealden rocks, traverse a considerable breadth of duuk, 
and tiien pass over London day, of whidi they 
draw a large area. The Bavensboume flows entirdy 
over London day, and he Darent chiefly over chalk ... 






1,800 



1,800 



1,675 




S-O 




S8'3 



86*8 



6,486 



188,000 



816,000 



8,781,009 



6,174,000 



N.B. 



nomber of atationa at whioh the rainfall ia recorded ia 66, of whidi 13 are in a, 88 in (, 6 in e, and 16 in 4. 
The mean annual zainfaU of the diatrict ia aS'6 iaohea. 
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▲ffxhdiz l,^0(mtinued.) 

GBOUF B.— BivsB BASzire Sotttb of trb Thaxeb. 

Statement of the sub-gronps of oatcbments; indioatiiiff the geographioal limits, tiia extflni of dnlnage 
the geology of the diBtriot, the mean annual ralniaU, and the urban popnlfttiaii in eaoh snb-gioi^ 



liaiti of Bsb*€taQapf. 



Oeology of Uie Siitxiot, 





a. BtmnB of the Medway and the 
Eentiflh Stoar. and the oooat frooi 
9Mppej lalaad to Bonr. 



b. Baaina of the riyen entering the 
between DoTer and the Belaea 
Bill, and the intervening ooaat. 



e, Baaina of the riven entering tlie 
■M botmn Maea BiU and the 
month ol the Avon. 



d. Baaina of tlie Avon (Hanta and 
Wilto) and Stonr (Donet}. 



The Bouroea of the "ileAway and ita feeders and the 
early course are in the Hastanga aand or Weald day. 
The main stream after flowing throu^ the Wealden 
rooks, crosses and drains the rocks of the cretaoeons 
scries, chiefly the lower graensand and chalk. Hie 
Beult, a prindpal feeder, is entirely confined to the 
Weald day. Tno Btour is is almost entirely a dialk 
river, croasing a patch of London day in tiie noHliem 
catdunont ar&i 

The rivers of this noup rise in the Wealden rocks and 
cross these rodcs before entering the cretaoeons series. 
'Hie streams flow chiefly over chalk in the latter part of 
their oonrse. The Bother is entirely in the Hastings 
sands, and the Ashboome in the weald clay. The 
Adur and the Avon, in their upper course, receive 
several tributaries from the Weald day, the othen from 
the Hastings sanda ... 

Theae rivers all take their rise in, and flow at first 
over the dialk, but than enter and drain the eoooie 
beda of South Hampshire in their oourte to the aea. 
None of the streams are important in an economic sense, 
their oourse over the chalk not yielding a largre flow of 
water. The tertiarieB of the South Hampshire baain 
indude extensive beds of sand 

The Avon rises in the lower cntaceooa beda dose to 
the southern rim of the Thamea baain. It soon enters 
the chalk and flows over that roek for a longdistance in 
Wiltriiire, diaininj; its surfaoe by faedera, of wfaidi tiM 
Wiley is the principal. It then enters and croases the 
the Bampdiire teraary basin to the sea. Hie Stoor 
rises in and drains a considerable breadth of Oolitio 

ZVvbB ■«• ••■ •>• t«» >•• 
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2B«/)00 
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1,906 



80*1 



«Mxn 



1,182 



807 



TTjOOO 



4,906 



8B8,O0O 



F.B.-^n» nomber of atationsat which the rainfall is recorded in the district is 61. of whidi there are 19 in a, 
S8inM0in«,«od»inif. TheneanniafaUof tfaowhotediitiiatii 



GROUP C— BxTSB BAsnra of tsb BoinrR-Wssr or Enqiavd. 

Statement of the sab^gnrape of catohments ; indicating the geographioal limitSy the extent of dnlnaga 

the geou>g7i the mean aimiial rainf aU, and nxban population of each groap. 



Goographioallimlta. 



a. Baaina of the FVome (Dorsetl 
and the Fiddle, and of the anall 
rivera between tlie mouth of the 
Ttoant and that of the £xe. 



b. The baain of the Exe. 



t. ThebaiinaofthaTeignandthe 
BartvSXid small streamaentering the 
, between the Exe and the Tamer. 



Qeologioal Description of the District. 



The ttame rises in the OolitcK, and in tho early part of 
ita course is fed diieflv fkom the lower greemHuid. It 
then crosses the chalk for a considerable distance. Tlie 
latter part of its oonnie is over the Hampshire tertiaries. 
Tho Fiddle has a paialld oourse over similar rocks. The 
small streams as far as Bridport are on the Oolites. Ttie 
Brit and Cbax on the Liaii. The others flow in valleys 
cot into the new red sandstone, draining the overlying 
lower grecosand. 

The £ze rises and flows for aome distance over the 
altered old red sandstone or Dcyonian series of North 
Devon, one of its tributaries (the Baric) being entirely 
Devonian. It then crosses a small breadth of middle 
carboniferous rode, and enters the new red sandstone, 
which it flovrs over, and drains by several feedem, for the 
rest of its oourse. 

All these riyers jirocecd from and dnun the granite of 
Dartmoor. Leaving the granite, they all, wiih the ex- 
ception of the Teian, flow over and drain the Devonian 
rooks of South Devon. Ttut Teign g 'oss M and draina 
the now red aaiiflatone in the lower part of Ha 
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Appsnpol L-*Oboiip C^iOontinuBd.) 



Geograptaicfa Limits. 



<l. The basiiu of the Tkmcr and 
the Tavey, and that of the St. Qer- 
maii'a riTer (X^ynher). 



9. Thebadnsof theComiah riTetB. 



/. The bftiiiiB of. the Torridge and 
the Taw. 



g. The baaimi of the Farret, the 
Srae, md th9 Axe, 



Geological Doaorlption of fhe Dirtrict. 



The Tamer rises in and flows for a long distance 
through the Devonshire repreeentatiTes of the miUstone 
grit, Imown as the culm measores. It then enters and 
crosses the limestones andslates of the Devonian period 
to tiie sea. The Tavy rises on the Dartmoor granite, 
and flows over the Devonian slates and limestones to the 
sea. The Lynher, or St. German's river, rises in the 
granitic boss of Brown WOley and Bough Tor, and flows 
entirely over Devonian rocks. 

These streams, the Fowey and Eal in the south, and 
the Alan or Camel in the north, being the only ones of 
importance, rise in the granitic boeaes of Cornwall, and 
drain the slates, schists and other metamorphio Devo- 
nian rocks of tiiat county. North of the Gaitiel, the 
coast drainage is over the calm measures. 

Both these rivers rise on the northern slopes of Dart- 
moor, and immediately enter the culm measures, which 
th^ cross and drain. Almost the whole of their course 
ana drainage are on these rooks, butsome of thefeeders 
of the Tftwe proceed from the Devonian sdusts of North 

X/t?V UUt (tf tt* f«* ••% ••• •«• 

The Farret and its early feeders from iiie south, rise 
in the hills of lower greensand and oolitierock, or from 
the lias on the borders of Devonshire. Hie Biver Brae 
flows entirely over lias, and several feeders of ihe Panet 
drain the same rook, tlie western tributaries of tiie 
PUTct, however, cross the new red sandstone, rising in 
the Devonian dates, The Axe rises in the mountain 
lin^estone of the Men4ips. As they approach the Bristol 
Channelf oU these riven flow over a uugo fl%t aUuvial 

liTcHfV| ••• ••f •*» ••• ft* ••* 
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8<8 
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60*8 



42*6 



60*8 
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83i000 



88,000 



41,000 



74,000 



.878,000 



N.B.— The rainfall is ^itixQated from the records over 50 stations, and the mean is 41'8 jildliefl, 

ii) 6, 9 IQ e, 6 in 4, 18 in r, 7 in/, and 11 in ^. 



The stfttiolu are:— 6 in a, 



(lEOUr D.— Basin of this 8bysbn. 

Btatonieiit of the prinoipal aub«gfoiipa of tributaries, indicating their geographical limits, the geology, the extent 

of dmuuige area, the meau amiual nuuf all, and the urban popnlation at emu 



XmikB of Sub-Gronp. 



a. The Uoper Severn 
bann of the Vymwy. 



and the 



h. The tributaries and oountry on 
the left or north and east bank of 
the Severn, between the basin of 
the Vymwy and that of fhe Upper 
Avon. 



t. The Teme and small tribu- 
taries on the right bank of the 
Severn to the watershed of the 
Wye. 



Geographical Description of tin Distriot. 



Tbe country consists entirely of hard slates, sdusts, 
and metamorphic rocks of cambrian or silurian age, 
chiefly upper Silurian 

Almost all the tributaries flow through and drain 
for the greater part of their course tbe upper and lower 
sandstones of the triasaic period, which are, however, 
interrupted by the lyresenoe of permian sandstones, and 
the coal measures rising through them. The Feny 
rises in the Denbighshire ooal-fleld, and crosses the 
bunter, or lower new red. ITie Tern, ^ough chiefly 
oonflncd to Hie trias, touches tiie coal-fields of Shrop- 
shire and South Staffordsliire. The Worf drains chiefly 
the x>crmian grits. The Stour, originating in the 
Dudley coal-field, chiefly drains the upper new red 
sandstone. The Salwarp crosses the same rode, though 
draining part of the lias 

The small brooks, and other feeders of the Severn 
between the Vvmwy hnd the mouth of the Tern, drain 
a broken distnct of silurian, Devonian, carboniferous, 
and permian rocks, containing a verv small urban 
population, and yielding little water to the river, except 
in flood time. The Teme and its feeders drain a large 
district of metamorphic slates, grits, and schists, chiefly 
of the siluiun pericMl 
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Appenbix I. — Gboxtp T>,—{OoniinuecL) 



Zjfanitaof 6nb-Gxonp. 



d. ThB flub-baafn 



of the Upper 



«. ^e sub-baafn of the Lower 
Avon, And the emaU sab-baalQfl b^ 
tween the Upper aod Lower Avon. 



/. TIm sab-beoin of Ihe Wye, ud 
the emaU boainfl on the riglit bank 
of the Severn adjacent. 



g. Thb sab-baains of the Taff and 
Uakf and amaU boabiB adjacent. 



Oeographioal Deacription of the Bistrlflt. 



TUa important trflratary xiaea in the Uaa of WanHck- 
flhire, but aoon entera the upper new red aandatone, 
and cro a ooB thepetmian grita at tiie aouthcm extremfty 
of the Warwickahire coa^fldd. Puainff again into, and 
croflaing the new red, it once more enten ^e Uaa, and 
oontinnea in that rock for the moet part till it Joina the 
Berem. It diiefly drains the liaa 

Between the bajidna of the Upper and Lower Avon, the 
Gottawold hilla approach the oanka of the Sevens, and 
there ia only a narrow belt of Uaa intervening drained 
by the Chelt and some amaller streama. A large port 
of the drainage area of the lower Avon ia in the ooutea, 
beyond the edge of the Thamea baain, and the river 
then croa neo the Uaa and new red aandatone to the 
Bristol coal-field, which it drains 

The Wye and its chief Ixibatazy, the Los;, originate 
in and drain the altered aflmian rocks of Walea, and 
the characteristic and ^pical old red sandstone grita 
and oonglomeratea of uerefordahire and Monmonth- 
shire. Below Rosa the Wye drains the Forest of Dean 
ooal-fleld, and croa nes a amall belt of carixmif erons lime- 
stone to reach the Severn 

The Uak draina only the old red aandatone grita and 
conglomerates for a lonff distance, and then, frfaging 
the mountain limestone uat endoees the South wdsh 
coal-field, it receives some of the drainage of that dia- 
trict by email tributaries. The Taff riaes in and draina 
the eastern part of thatlaxge ooal-fleld croasing the old 
red aandatone to reach the Oevegii. ... ... 
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104,000 



848,000 



88,000 



148/nO 



900^000 



N.B.— The mean annual rainfall of the Severn baain, ia 87*5 indiea. 
which there axe in a— 7; 6—7; c— 4j rf— 16; e— 10;/— 10; ^—18. 



The niunberof atatioosatwfakhzainfattiireooirdediaOBiOC 



GBOUP E.— RivEB Babdib op tbs Wklbe Coast. 

Statement of the sab-gioups of oatchmente, indioating their geographical limitSi geology, drainage-ana, 

average rainfall, and the urban population of each. 



TJmitB of Sob^roopa. 



a. Biven draining Boath. 



h, Biren diainiag weit 



e, Biven dxaining north. 



Geological Deacription of the Drainage Area. 



The baaina of the rivers of this aub-groap may be 
fuither sub-divided into two : the easteni, in which the 
country drained, conaista of die South WeUh coal-fleld ; 
and the weatem, oommendzig with the Towy, oom- 
priahig the alteied rocks of the older palsoaoic series. 
All the streams of the former rise in the grits and con- 
^onunttea of the old red sandstone, andcrosa a narrow 
belt of carboniferous Umestone before entering and on 
emerging from the coal meaaorea. Of the western 
rivers, tne CleddAu crosses the Fambrokeshire exten- 
sion of the coal-field... 

The whole of the western drainage of Walea ia by 
torrenta, vriiich commence their oonne on the w est ern 
slopes of the Welsh mountains, and flow entirely orer 
the dates, schists, and altered rocks of that part of 
Great Britain. They croaa no unaltered aedimentary 



Of theae the Conway and the CSwrdd rise in the same 
metamorphic and igneous ro^s aa those of the former 
group, uid cross sQurian and cambrian dates and 
schists. The Dee rises in and cr os ses similar rocks for 
a lonff d<ffh>"«*, but then g'ossM the Dcnbi^ishire coal- 
field to the lower new rod sandstone, over which rock 
it oontinnea to flow till its bed opens out into the wide 
estuary of the Dee ... ... ... .•• 
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N3.->The mean asnoal rainfall aa obtained fhm 84 statioaa in variooa parte of the drainage area of thisjmmp ia 471 
The niaaber of stations in the aonthenk distrietS, in the western district 14,andintbe northera dbCrirt U. 
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Appendix I.— (Con^tntied.) 

GBOUF F.— Basins of Bxvbbs Dbaznino nvro tbb Wash. 
Statement of the liTer basins, and of the geology, mean rainfall, drainage area, and nrban popnlation of eaeh. 



NanoM of the BItw Baiiiu. 



a. The basin of the Great Ouae. 



h. Hie badns of the Nen and 
WeUaad. 



c. The basina of the Witham, and 
of the parte of linoobiBhire be- 
tvoen fhie Witham water-ehed and 
the eastern coast. 



Oeoloey of the Catchment Area. 



The earlT feeders of this ibret rise in and drain the 
lower oolites and the lias, but other tribntaries soon 
join it» whoee Bonroe is in lower cretaoeons rocks or 
dialk. Crossinff the lower oolites, the main stream 
flows for a lonff distance orer the middle oolites, chiefly 
Oxford and Kjmmeridge day, with very UtUe inter- 
vening limestone. From Hnntingdon to the mouth of 
the river, the whole oonree is through low alluvial lands, 
the stream being fed by affluents from the Ncnf oik 

UUAwJk* ■■■ ■•• ••• ••• ••• •«• 

The Nen rises on the oolites, but flows almost entirely 
over the lias, the river valley being cut through the 
oolitic rocks. Like the Great Ouse, the lower ^art of 
the river course is tiirough the alluvial lands fonning 
the fen district. The WeUand rises near the Nen, ana 
like it flows over and drains the lias till it enters the 
fen country. The rest of the course is over alluvial 

waCvVB* ••• .*•■ ■»• ••• a«a ••» 

The Witham rises in and flows for a considerable di»> 
tance over the lias, having a northerly course near the 
escarpment of the oolites. It then enters the fens, but 
receives feeders from the oolitic limestones and days on 
each side. Its course from Lincoln to the outfall in the 
Wash is entirelj over the flat lands of the fen district. 
The Btceping nver, and other small streams, rise in the 
eastern side of the escarpment of the lower greensand, 
and drain that rock and the chalk, jMbsaing then through 
a belt of alluvimn to the sea . . . 





3,021 



1,837 



1,606 



340 



S4-1 



84*9 



6,336 



171,000 



166,000 



68,000 



386,000 



N.B.— The mean rainfall of the whole district, estimated from observations at 66 stations, is 84*2 inches. 

Of these stations, 34 are in sub-gzoup a, 16 are in 6, and 8 in e. 



GROUP G. — ^The Bivbb Basins of the Eastebn Gottittzes. 
Statement of the groups of rivers, their geology, drainage area, rainfall, and urban population. 



Geographical limits of Sub-Gzoups. 



^a. Biver basins of 
Suffolk. 



Essex and 



^ River basins of Norfolk. 



Geology of the Districts. 



The Chehner, and the Fant or Blackwater, uniting in 
the estuary of the Blackwater, and the Biver Ciolne, 
take their origin in the chalk, but flow over and drain 
the beds of the London clay. The Stour and its princi- 
pal feeders not only rise in but drain a large area of 
chalk before entering the London clay, but the whole of 
the lower part of theur course is over that rock. The older 
tertiaries are much covered with gravel. The Suffolk 
rivers also flow over and drain a large areaof chalk. la 
their lower course, the London day is covered with the 
newer tertiary beos called " crag," u[id the rivers drain 
entirely this open sh^y rock. . . 

These drain chalk abnost exclusively, the patches of 
crag and London day being small in extoit and near 
the coast. He river valleys are generally in narrow 
breadths of tertianr rock, chiefly crag. Throughout the 
Eastern counties the rocks are mudi covered oy gravel 
and suiierfidal deposits, many of which hold back the 
water and admit ox numerous land springs ... 
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N.B.— Hie mean rainfall of the whole district is 84*7 indies, obtained from reoords at i 

16 axe in Eaaez and Suffolk, and 18 in Norfolk. 



Btations. Oftheoe 
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Appendix I. — {Continued,) 

GBOUP H.— ToB Basin of thb Tsmn. 

Statement of the enb-diTisians of the basm, aad of the geo^phieal limits, the geology, the drainage ana, 

the rainfall, and the urban population in each group of sub-baaina. 



GeologiealUmltB of fiab-Baclns. 



a. The Upper Trent, and the sab- 
basin of the Tame. 



b. The sab-bosins of the Derwent 
and the Dove, and the intenrening 
parts of the Trent. 



e. The sob-basin of the Boar. 



d. The Lower TtenU indndisff 
the snb-badsfl of tho Daron and 
the Idle. 



Geology of the District. 



The Trent rises in the North Staffordshire coal-field, 
whkh it drains by serend feeders. Itthen crosses and 
drains the permian grita and sandstones, and enters the 
keuper, or upper member of the new red sandstone, iHitioh 
it crosses, and drains as far as the confliienoe of the 
Tome. The Tame rises in the South Btaffbrdshire 
ooal-fidd, and is fed by tributaries passing near or 
through the great mantuaeturing and mdustrial towna 
of that part of Kngland. B^ other tcibntaries it drains 
the Warwidnhire and Leioesterdiire ooal-fields. ▲ 
Urge part of its course is over the upper new red sand- 
stone, consisting <rf marls and sandstones. 

The sources of the Dots, and its tributary the 
Chumet, are in the North Staffordshire ooal-fldd and 
the millstone grit; and the Doye flows throu^^ a oon- 
siderable distance of millstone grit and car bonif egrons 
limestone before reaching the new red sandstone, near 
Ashbourne. Beyond this its course iM entirdy in the 
upper new red or keuper sandstone. Tlie Derwent is 
almost exclusively a mulsUme grit river, draining a next 
oi the south-western ezfaremi^ of the South Yoricshire 
ooal<-fleld. It then enters the new red sandstone of the 
valley of the lient. ... 

£xoept the metamorphio rooks of diamwood Eorest, 
the Soar u a river flowing over and draining only the 
Uas and new red sandstone. Its important fecdos, 
including the Wreak, rise in and flow over tho lias, but 
the main stream is confined to the kcui>er beds of tho 
new red sandstone. ... 

After r ece i ving the Soar, tlie Trent and its lower 
feeders flow through the new red sandstone, very near 
the escarpment of the lias. Hie Lean, from the north, 
drains the south-eastern part of the South Torkriiire 
coal-field and tho permian rocks. The Devon and its 
tributary the Smite, are confined to the lias and the 
keuper sandstones. The tributaries of tiie Idle rise in 
the permian rocks, and flow over the lower new red 
sandiBtone, or bunter. The main stream of the Lower 
Tnot flows altogether over the keupe& 
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V3*^ThB mmn lainlkll over the whole area, obtained from records at 38 stations is 87*85 indiea. Hhxo an 

9 stations in a, 10 in ft, 8 in c, and 12 in d. 



GROUP I.— TnE Basiks of thb Ousb and Huxbeb. 

Statement of the tbtiovb sub-grottps of tributaries, and of tho geology, the rainfall, and the urban populatirn 

of eaoh 8ub-group. 



Ox«apa of IMbotariM. 



a. The sub-lttdns of the Swale and 
thoUre. 



Geology of District. 



The Swale rises in tho millstone grit on the higher 
slopes of the Pcnino hills, and flows through narrow 
ravines in the mountain limestone to Richmond. Soon 
after it enters the new red sandstone. The Ure has a 
similar oouxse to llasham. It then crosses the permian 
grita and limestones before reaching tho new red saad- 
Btomnsaritaoonflmnw with the Swale. 
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Apfbhdiz I.**Gbouf I.— (Conttnued.) 



OnmiM of Itibutaiiea. 



h. The nib-basinB of the Kidd and 
he Wharf e, and the ootine of tlie 
>OBt to theoonfluenoe of the Wharfe. 



Geology of District. 



c. The sab-haafai of the Airo and 



i. Tbflnib>baafai of the Don. 



«. The'rah^MuJa of the Dennnt. 



/ The baein of tho Humber. 



The greater part of the course of the Nidd is in the 
millstone grit, the bed of &e stream reaching the 
mountain limestone. Near its jimction with the Onse 
It crosses the pennian rock and the new red sandstone. 
The Wharf e croases and drains a considerable tract of 
mountain limestone, then entering the millstone grit) 
and crossing the pennian and trLusio rocks like the 
other early tributaries of the Ouse. In all this district 
the rooks of the carboniferous system indnde many 
bands of shale, and are generally much fractured. The 
TsUeys are often occupied by boulder clay, whidi is in 
some places widely snead. ... 

This important district includes the northern part of 
the Yorkshire coal-field, and many largemanufacturing 
towns. A large nut of the Aire, however, and the 
upper part of the Oslder, drain the middle carboniferous 
rooks of the millstone grit series. The Aire enters the 
coal measures near Bingley, and only drains a small 
part of the northern extremity of the coal-field. The 
Calder crosses similar rocks for some distance to the 
south. The two streams unite as the Aire leayes these 
rocks, and the united stream crosses the pennian into the 
new red sandstone on reaching the Talley of the Ouse... 

The Don, like all the tributaries of the Ouse entering 
from the right, rises in the middle carboniferous rocks, 
but, unlike the others, enters the coal measures immedia^ 
tely^ and the main stream, and all its early feeders^ 
dram that part of the series almost exdusirely. A little 
before readiing Doncaster it crosses the permian rocks, 
and there enters the new red sandstone. It enters the 
Ouse through a wide tract of low allurial delta, in 
which its waters join those of the River Trent. 

The Derwent, by numerous tributaries, originates in 
the oolitic hills of the north-east of Yorkshire, the river 
vallevs being in the lias. Draining in this way a wide 
breadth of coimtry, the feeders unite a litUe above 
Maldon, and thence proceed southward, crossing the 
lias into the new red sandstone. The stream then 
flows paralld to the Ouse hi the new red sandstone 
valley and reaches the Ouse a little above the confluence 
of the Aire ... 

The Humber, renrded as a separate basin, drains a 
breadth of low flat land extending from the escarpment 
of the lias to the sea. It flows over representatives of all 
the oolitic and cretaceous rodcs, but a large port of the 
basin towards the sea is low-lying and alluvial. The 
drainage is effected by the Hull river on the north, and 
the Ancholme, or New Blver, on the south.... 




86*8 



816 



662 



814 




60,000- 



36*6 



31*4 



676,000 



27-3 



1,2SS 



6,438 



28*6 



864,000 



19,000 



194,000 



1,387,000 



N.B.— The mean annual rainfall oyer the whole district, estimated from observations at 66 itatkmsy i9 31'S Inches. Of these, 

6 are in a, 7 in d, 14 in e, 10 in <f, 7 in 0, and 12 in /. 



GHOUF K. — ^The Basin of the Mebsbt. 



Geology of ^e Drainage Area. 



,^euly feodenof the Meney originate in the middle carbom'feroun rocks or millstone grit 
?2J^I^ne diain, and, after uninng, cross the southern part of the Lancashire coal-field 
™^ the new red sandstone, chiefly the ounter or lower member. The Irwell, the prindpal 
y^^gon the north, here joins, having drained a large and important part of the coal-field, 
07 KT^ tributaries passmcr thickly-peopled towns and dstncts. The lower part of the 



Irvell dnins mrt of the hunter sandstone. The Bollin and the Weaver, the important feeders 
2 ^^^ ^U nom the south, drain parts of the North Staffordshire ooal-fldd, but flow chiefly 
lorotigh ini drain the kenper or upper member of ti&e new red sandstone. The whole of the 
IJ^P^ of the oouzse of the Mersey is over the hunter, except that the Bankey drains part 
"« we lOQth^weBteni extremity of the Lancashire coal-field. 




1,724 



870 







1,225,000 



N.B.~The rainfall of the Hepsey basin is estimated from records kept at 27 stations. 
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Appendix I. — {ConUnued.) 
GROUP L.— The BAsnre ot the Rebble akd the Wtbb. 



Qtaiogy of the Drainage Area. 



TIm whole of ih» Upper Blbble, and all its f eedera to the Hodder, as well as the Hodder 
itself t flow oTer rocks, dniefly limestone and slate, of the old oarboidf erous series. The Odder 
flows over and drains the ooal measozes, and the Darwen and Douglas, important tribntaries, 
rise in ooal measures and millstone grit, but cross and drain chiefly the new red sandstone, at 
first the bnnter, bnt near the month of the river crossing the keuper. The Wyre rises in the 
miUstone grit, and is largely fed froon that rock, bat the whole of the lower part of its coarse 
is over the upper new red sandstone, till approaching the sea, it reaches ana Ixaverses a wide 
tract of aHuTium. ... ... ... ... ... ... ... ... 




I 



»T 



St.v 



N.B.— The rainfall of the Bibble and Wyre is estimated from observations reonded at 9 ttatioDB. 



GROUP H.— The Rzveb Babdys of the Lakb Bistbict. 



Statement of the groups of basins, their geographical position, geologj, rainfall, and 

urban population. 



Umit of 8nlM3roap. 



a. The 
Kent 



basics of the Lone and 



ft. The catohmant of the xiTen 
from the westeni water-shed of the 
Lake district. 



c The barin of the Eden. 



Geology of the District. 



These rivers take their rise in the altered paUeoiio 
slates, schists, grits and limestones of Cnmberland end 
Westmoreland, u[id flow over them for some distance. 
After crossing the Silurian rodos, the Lone enters the 
moontain Umestone, and reaches the sea, draining that 
rock. The Kent flows through a valley in the mountain 
limestone 

These rivers all rise in the altered Cumbrian rocks of 
Camberiand and Westmoreland, which culminate in an 
irregular mountain group. As they approach the coast 
they croes a fringe of sfaratifled rock, consisting in ^e 
south of keuper sandstone, and in the north of coal 
measures (the Whitehayen coal-field). The rivers 
flowing north cross first the ooal meastires, and after- 
wardsthe hunter, one or two of the smaller having^ their 
course almost entirely in these rocks not commwifiing in 
the Cumbrian ... ... ... ••• ••• 

The Eden itself, and all its earlier feeders, rise in the 
middle and lower carboniferous rocks (miUstone grit, 
and mftuntfr'^i limestone), and almost immediately enter 
the valley of the new red sandstone (keuper), through 
which the Eden flows throughout it» course. One impor- 
tant tributary, the Eamont, rises in the lake mountains 
and expands into UUswater lake before readiing the 
mountain limestone. As it approaches the sea, the 
river flows over the bunter, of which a small tract is 
laid bare, but the chief drainage is over keuper marls 
and sandstones 




673 



1,000 



1,040 



S,718 






44*8 



^ 



66*5 



:ir 



54' 




N.B.— Hie mean rainfall over the district is S2'9 inches, obtained from observations made at 44 stations. Of 
b-gnmp a, 28 in ft, and 8 in r. The mean rainfall in the lake district, excluding the valleys of the Lone and 
fihes, over move than 8,000 sc^usxe miles, far the heaviest in the British Islands. 



^ IS «* 5 - 
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Appendix I. — {Continued,) 

GROUP K.— The Sitbb BAsnre ot Dubhax and NoBTHxnmwTiT.ATfi>. 

tement of the sub-groups of catchments, their geographical position, drainage area, geology, rainfall, and 

urban population. 



limits of Snb-Oroups. 



Iba bums of the Eak and the 



Tlie bafiin of the Wear. 



The basin of the Tyne. 



The wwi^H fr Vftffti*f 
akod. 



of North- 



Geology of the District. 



Hie hafljn of the Eak, though entiiely in Yorkahiie, 
mnjit be regarded as forming an eztenaion of that of 
the Tees. It draina the northern part of a district of 
lower Oolitee and Uas forming the Cleveland hills, and 
of late yearn well known for the ironstone worked in 
the nei^bonriiood. Hie Tees rises in the millstone grit 
of the Penine hilla, and its upper feeders are in the 
shales and grits of the middle and lower carboniferous 
system. In its lower part it crosses the Durham coal- 
field and Permian rocks to the upper beds of the new 
red sandstone, and below the junction of the Skeme 
drains the latter rock 

The Wear rises in and drains the mUlstone grit, and 
then taming to the north, enters and trayerses the coal 
measures. It afterwards turns east, and draina part 
of the magnesian limestone and permian sandstones, 
till it reaches the new red sandstone, which it q o bbc s 
tothesea ... 

The greater part of the drainage of the Tyne, as of 
the other riyers of this part of imgland, ia in the mill- 
stone grit. The river afterwards enters the coal mea- 
sures, crosaing and draining the most important part of 
the Newcastle coal-field to the sea 

These are sereral in number, but all rise in and drain 
ainular rooks. The Blyth and the Wanabeck flow 
chiefly over coal measures. The Coquet ia more a 
moTmtain limestone river, crosaing however the northern- 
most extremity of the ooal-fleld. Those further north 
are almost entirely mountain limestone riven. . . 




1,0S2 



456 



1,180 



1,064 



«'3 



S6*9 



81-7 



«ri 



8,702 




145,000 



908,000 



884.000 



85,000 



I 



746,000 



B.— The mean rainfall, obtained fkom records at 34 stationa, is 28 inches. Of these statioos, 7 srs ia Sp 6 in (, 11 in c, sad 10 in tf . 



ABULAB STATEMENT OF THE PBINCIPAL GEOUPS OF DBAINAGE AEEAS 

IN ENGLAND AND WALES, 

Shemng the total area included, the mean annual rainfall, and the urban population of 

each g^up. 



Befeiences to the Qroaps. 



^e Basin of the Thames (excluding the Medway) . . 
1*^ of rivers south of the Thames Basin ........ 

jgjMns of rivers in the South-West of England .... 

The Basin of the Severn 

^>BUU of rivers draining the Welsh Coast 

«»P« of rivers entering the Wash 

!•«»» of rivers of the JEastem Counties 

««ui of the Trent 

«««» of the Quae, Trent, and Humber 

^e Bagin o£ ^ j£gjgg^ 

Baans of the Bibble and Wyre 

^sofriversoftheLakeDistriot 

*•*>»« of rivers of Durham and Northumberland. . . . 



Drainage Area 

in Square 

imea. 



6,425 
4,996 
6,809 
8,018 
4,466 
6,366 
3,222 
4,082 
5,433 
1,724 
1,088 
2,713 
3,702 



Bainfall 

in 
laches. 



26-6 

28-8 

41-3 

37-6 

47-2 

24-2 

24-8 

27-35 

31-2 

370 

39-7 

62-2 

280 



Total Urban 
Population. 



6,174,000 

862,000 

673,000 

930,000 

804,000 

896,000 

333,000 

1,277,000 

1,327,000 

1,226,000 

360,000 

168,000 

746)000 



Proportion 

of urban 

Population 

toeaohSq. 

Mile of 

Dninsgs 



964 
170 

98 
116 

68 

62 
108 
313 
244 
710 
821 

62 
201 
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APPENDIX II. 

NixBs, Dbukaoe-Abbas, A2n> Ubban Population of 
THE Basins of the tabioxts Rivebs and Tbibutabies 
IN England and Wales. 



C. 

RiTBBS OF BASINB IN THE S.W. OF BvOIOirD. 



A. 
8xjb-Ba8IN8 of the Thaxbb Tbibutabies. 



IMbutuy. 



a. Upfeb Basin. 

/dram 

JCdIa 

rCole. 

I liMoh Brook 

I Bampton Brook 

/ Windmsh 

/ Evenlode 

/Chemell 

r Ook 

/Thame 

Inttryening ar«u .. .. 

6. Middle Basin. 

r Pang 

r Konnot ., ,. 

r Loddon •• 

/Wick 

/ Colne 

r Wey 

r Mom 

r Hog's MUl 

/ Brait 

Intsrrraing areas . • . . 

e. LowEB Basin. 

r Wandla 

r Ravtnsboiuiie .. .. .. .. 

/Laa 

/Boding 

/ iBferrani 

r Damt , ,. 

/ Croach .' . . 

Interrening areas . . . • 



Area in 
sq.milea. 



73 

87 

48 

36 

120 

141 

189 

400 

120 

300 

286 



80 
400 
110 

60 
460 
380 
200 

30 

70 
130 



60 

80 
600 
317 

63 
814 
181 

60 



Fopolation. 



8,000 
2,000 

14,000 
2,000 
4,000 
4,000 

16.000 
9.000 
3.000 

21,000 



1,000 
23,000 
3.000 
7,000 
49,000 
28,000 
30,000 
14,000 
40,000 



86,000 
91,000 
61,000 
13,000 

6,000 
18,000 

4,000 



N.B.— The urban popolation on the river banks is 6,617,000, dis- 
tributed as follows :-Hi, 46,000 ; fc, 130,000 ; c, 4,462,000. 



B. 
BiTEES OF Basins South of the Thames. 



Basins. 


Area. 


Population. 


A. Msdwmr 


680 
373 

201 

312 
121 
76 
206 
160 
370 
161 

86 

36 

231 

477 
91 
62 

673 
469 


136,000 

32,000 

117,000 

16,000 

3,000 

2,000 

16,000 

36,000 

26,000 

143,000 

4,000 

3,000 

87,000 

19,000 

6,000 

131,000 

66,000 
11,000 


Stonr (Kentish) 

Coasi and faitarreBiag areas 

B. Both«r 


Aahbonms 


Cnokmeie 

Onae 

Advr 

Amn 

Coast and intirranSng areas 

C. TitohfieU 


Hamble • , ,. 

lichen 


Test 

Lymington 

D. Avon 

acoor (Dorsetthiis) 



ftairiini 



A. Frome • 

Fiddle or Trent 

Wey 

Brit 

Lyme • .. •• . 

Ax 

Sid 

Otter 

Coait and small oatohmsnts 

B. Ese 

C. TeiKn .. \ 

Dart 

Aulne 

Erme 

Plym 

Coast and smUl oatohments 

D. Tavy 

Tamer 

Lynher or St. Germsn*s . . • 

Looe , •• • 

Fowey 

Fal 

AUn or Camel 

Coast end small oatohments 

E. Torridge 

Taw 

Coast and small oatohments 

F. Parret 

Brae .. •• • 

Axe .. , 

Coast and smsil oatchznents 



187 

119 

60 

62 



166 
21 
82 

38 

684 

203 
200 
54 
48 
69 
69 

85 
885 
100 

71 
120 

50 
140 
921 

336 

466 

57 

662 
197 
101 
256 



8»000 
3,000 

la^ooo 

10,000 
2,000 
5,000 
4.000 
8JD00 

14,C«) 

7T,«D 

13,000 
12,000 
2,0OD 
4,0U) 
71,000 
37,000 

8,000 

71,000 

6,000 

9,000 

2,000 

14,000 

9000 

111,000 

14,000 

20,001 
7,m 

54,000 

14.000 

6,000 



Teibutasies of the Setexn. 




A. TT|)perSeFem •• •• •• .. 

/ Vymwy 

B. /Perry 

/ Tern 

/ Worf 

/ Stour ,, 

I Salwerp 

Intervening drsiiiage 

C. rTeme 

r Small hasins 

D, / Upper Avon 

B. / Small oatohments 

/ Lower Atoh •• 

/Yeo 

F. r Leadon and small oatohments: 
rWye 

G. rUsk 

rTaff 

r Small catehmsnts 



970 
360 

160 
260 

75 
160 

76 
120 



222 

1,060 

213 
891 
lOO 

100 
1,009 

640 
196 



13,000 
9,000 

6.000 

21.000 

2 0C0 

1U.U41 

lO.OlO 
44,000 

9.000 
47,0C0 

104,600 

06,000 
201.U0U 



6.000 

62,000 

44,0CO 
103.000 



55 



E. 
B1YIB8 oj Wblsh Coast Basins. 



Baauis. 



A. Oirmore •• .. 

AfOQ •• .. 

Neath 

Tawa .• ., • .. 

Llwohwr •• • 

Qwendraeth Yawr 

Towy ,. ., ., 

Taf 

Kast Cl«adau .. .. .. \ 

WertClflddan ) 

Coast and amall oatchments. . 

B. TM 

Bheidol 

DOTSV •• .. 

Mawadaoh .• •, •• •• •« 
Seiont 

Coast and small oatohmsnts. . 

C. CoDway 

Clwydd 

Bee 

Coast and tmall eatokments • • 



Area. 



Population. 



114 


4.000 


87 


4.000 


118 


9,000 


106 


62«000 


166 


17,000 


73 


2,000 


614 


17,000 


183 


2,000 


212 


8,000 


873 


ai»ooo 


386 


8,000 


76 


7,000 


217 


3.000 


161 


2,000 


143 


9,000 


72 


'8,000 


222 


6,000 


319 


17,000 


818 


92,000 


117 


16,000 



BiTBRs DxAnriNo into thb Wash. 



A, OieatOose. 



Tore 

Ousel 

iTel 

Kym 

Cun 

Lark 

little Ouse... 



Nar 



«•• ••• •*• »•• 



■ •* ••• >«■ ••• 



••■ •!• *•• 



• • • •• • 



• •• »•■ ••• 



■ > • » • • 



• • • • • • 



• • • 4 • » 



140 
200 

200 
100 
860 
200 
860 
240 
180 



Small bssiiu and river 1,111 



Area. 



3^021 



B. Nen .. 
Wellsnd 



C. Witbam 



Steeping Biver • . 
Ludd .. .. ., 
Small oatohments 



1,077 
760 

1,079 
lOU 
139 1 
189i 



Fopolation. 



171»000 



107,000 
49,000 

61,000 

18,000 



BITBB8 OV BA9TBB2T CoVNTIli BasUTS. 



Baiins. 



^ ^^} Blsokwater .. .. 

Cohe 

Stonr , 

Orwell or GHpping 

Deben .. ^, ,. ., ., .. 

Aide .. 

BIjUm 

Small caidbiBflnts.. •• •• 

^' 5*^w«y .. 

Wcmua •• •• •• •• •• 

Bare 

finaUoatohmsali 



Area. 



} 



434 

192 
407 
171 
163 
109 
79 
196 



880 

348 
263 



Fopolation. 



(14,000 

1 17,000 

32,000 

26,000 

48,000 

7,000 

7,000 

6,000 



f 32,000 
1130,000 
6,000 
9,000 



H. 

Tbibutaeixs of thb Tkint. 



Tnbxdary. 



Area, 



A. rLyme .« 

r Sow 

/ Blythe .. 

rTame 

Intenraning area , , • • 
Population on rlTflC banks 

B. ; Dove 

I Derwent 

intervening area . • . . 
Fopolation on river banks 



C. rSosr.. 
I Erewssh 
/ Lean*, 
r Devon 



D. I Greet 

/Idl 

Intervening area . • . • 
Fopolation on river banks 



20 
234 

62 
689 
366 



• • 



393 
470 
137 



638 
83 
63 

200 

60 
660 
347 

•• 



Population. 



16,000 

26,000 

1,000 

694,000 

86',b0O 

32,000 
90,000 

20V0OO 

123,000 
8,000 
4,000 
2,000 

2,000 
21,000 

110,000 



I. 

TaiBUTABIlS OF THB OX78B AND HxrXBBB. 



Trfi>utBrie8. 



A. Swale 

Ure 

B. Nidd 

Wharfs .. .. • 

Intervening areas . • . • 
Population on river banks 

C. Airs and Calder 

D. Don « 

E. Derwent 

Intervening areas . • • • 
Population on river banks 

Mumber Basin, 

F. Anoholms 

Hull river .. 

Small oatohments • • • . 
Population on river bssks 



620 
430 

820 

492 

80 



816 

682 

7M 

47 



244 
394 
696 



Population. 



11,000 
18,000 

14,000 
18,000 

88V0OO 
676,000 
864,000 

17,000 
2,000 



6,000 
137,000 

27',b0O 



TBIBUTABIXa OS THB MXBIIT. 



IributsriSB. 



} 



Govt 
Etnerow 

Tame «• • 

Irwell •• *» •• •• •« 

Bollin.. 

SanB07Bfook • 

Weaver ,», » 

Small oatbhmsnts . . 

Populstioik on riwr bsnka 



• • 



I 



Area* 



180 

60 
812 
112 
107 
616 
448 



PopulsitiaB. 



28,000 

81,000 

842,000 

.60,000 

62.000 

61,000 

I01.Q0O 
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L. 

TsiBUTABin OF THl &IBBL1. 



Tribntaxin. 



Upmr Kibble 

Hodderl .. .. 

Calder J ,. 

Danrttt , .. ., .. 

Bonglftf 

Popnktioii OB i1?er btnln 

IntsniMdiata dniiwge • • 

Wyr» 

PopolatUm on oo«at . . • . 



866 
234 

67 

172 

• • 

62 

208 



PcqpulAtion. 



60,000 



102,000 

62.000 

120.000 



2,000 
4.000 



RlTlB 07 THB LAXI DISTRICT. 



TWbataxiM. 


Area. 




A. 
B. 


Lqm 

Kent 

InterfoniBi^ ooait 

Leven 

Dodden • .. .. 


418 
266 

202 
46 
64 
61 
28 
72 

262 
72 
70 
28 
06 

916 
104 

21 


26.000 

16,000 

4,000 

11.000 
1.000 




Bsk 

Irt 






CaMtr 

Bhoi : .. .. 

Derwant 


2.000 
16,000 




Ellen 






Wa^r 








3,000 


0. 


Small eatohmanta,. .. 
Bdcn 


40,000 
47.000 




I Jddal . • 


2.000 




Iatar?wilBg araa • • • • 





N. 





Riramt ov Dubmam axb 


NOETHVHBBBLAVI). 


Tribntarifli. 


Area. 




A. 


Bak 

Taca • .. •• 


• • 


147 
706 

177 

466 

1,130 

131 
126 
240 
104 
231 
262 


21,000 
111,000 


B. 


CoaatDralnaga •• 
Waar 


• • 


18,000 
202,000 


C. 


TvBa .. 


a a 


364,000 


D. 


•#"^ •• •• •• •• •• 

Blyth 

Waaaback 


• • 


3.000 
7.000 




Coqoal 

Ate ,, .. .. ., .. 


• • 


2,000 
7.000 




Till 




2,000 




Intwwiaf ooaal •• 


• • 


14,000 



APPENDIX in. 

KaXES A2n> POPULATIOSra OF THB CiTIES AXD ToW53 
WITHIN EACH RiTEB BaBIH 07 ENGLAND AND WaLES. 



A. 

Nambb of Towns on tub RiybrThakbs and its Chiif 
Tbibutabibs, with thbih Population in 1871. 

(a.) Upp€r JBoiiiK 



Towns on 
the ThaiDM. 



Crioklade 



LeefaUda .. 



Oxford ... 
Ablofdon 



WalUogrord , 



Trlbataiioe. 



Cham 

Coin ..••••.. .•••.M...M.M. 

^wlv •••*••••••..«•«.«.••••.. 

Leach Brook... ,..••••••••. 

Bamp'.on Brook ........ 

WiDdrath 

fa • • ■ ••• ••• ■••••••♦* 

Crenlode 

f f •*••••••• •••••« 

„ (Olyine).^... 

«» ,« •••»•• 

Cher veil .................. 

I, ••...>•...•••«•« 

.. (Hej) 

Oek........*.™............. 

...... 

Thane ..................... 

f, 

„ (Branch) ...... 

t, •• ....•.••••.•M*** 

ft ...••*.«•■••*••«««... 



Town OB 



ClreaoeeterM.*M - mn 



Filrford ... 
Bwlodon 
Hlffhwrnih.. 
North " 
Soathrop 



•••.•••••«...• 



•••..•••■.#■ 



Faringdon ... . m«m...- 
Hortord .m..*.m...m»m. 

wv fiiiOjr ... .».«....».» 
Mortton'lD.the-1Iardi 
Stow-on.tha-Wald ^ 

Charlhory .m •••*.. 

Chipplof Norton . ... 

Woodstook.......^ 

Bftnliury .m..m«*m. 
Deddiacton ....« 

Bleeeter .......m..., 

___ •••••• 



WendOTor .. 

Ajlotbnry 

Priocei Blaboro* ...». 

Watliofton ............ 



•• ••••••»••••• 



East Ililoy ........ 






2^ 



T.CRl 
1,8M 

ii.Tie 

1,901 

Ml 

1.070 

1,371 

s.sn 

1,401 
VTC 

1.4M 
1 .373 
1.331 
3.0(1 
7,471 
4.UI 
1,M0 
3.013 
33.477 

a,3« 

3,7M 
3,710 
0,003 

3,340 
3,843 
1.M3 
3,073 

1.033 



{b,) MiddU Buim, 



Towni oa 
the Thamei. 



Rcedlof ....... 

Henlej 

Great Harlow 

M«ldeahead .. 
Wlndeor ..... 

Eton .. ........ 

ttloogh M..M.. 
Dntchet ........ 

Egham ..,....• 



Btalaea 



Trihatarieo. 



Keimet ... . ... 

,f ...*................. 

It 

1, (Lambonme) 

„ (Emeoom) ... 
Loddon 

WIek ....r.V.*. 

n •• 

•••••e 

• • ••• 

• •• •• 
••••aa 

Colne 

H (0«de) .«.....„.. 

♦1 •••••••..•........•.•». 

ft * ... ... ...... 

•t « Ver) ..... ... , ... 

M (Cheae) 

99 ***..••..•.••........•.. 

N •M.M..* .............. 

M •••••««••*••.■....«*... 



Townooa 
tHbntartee. 



ICarlboronah..., 
Heofwlbtd ...... 

Newbnrf „...,.« 



......a.' 



Kinff'iClere.. 
Wwldatbam .. 



HichWyeoaba 
BnooaiAeM ..«^ 



...... 



BerkbamiMlaid..... 
Beoal Hemreteed 
Klng*e Laacley ~ 
Abbot*e Laatley 
Watford ......M. 

i^tAlbnae 

Chediaai...... 



•.. .......... 



..«■• ••.*.. 



Blekveaeworth 
axbrldse ^..^ 
OolnbroDk ^..m*- 



i. 



n,»4 

0,079 

4,IU 
7,703 
1,100 
3,701 
3,000 
4,333 
0,031 



1,034 

0,173 
11,709 

4,M9 



3.990 
4,000 

•,«M 
1.490 
3,030 

T,40l 

o,»o 

3,344 
3,730 

a,rsT 

T,407 

i.iot 
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Middle JBoMin.-^iCimtinued.) 



lower JBcuin. — {C&nlinued,) 



Towns OB 
tke 



Chtrtsey — . 



ShepiMrten - 
Walton ....MaM 
BnnboTT... •»•.•. 
Wwt Moolsay 



Hampton Wlfik 
Zshor ... ■•••>. 
Thames Dltton 
Sarbltoa......... 

Klngiton 



Trlbsteries. 



Wsy 



»i •••••••• 

»» «.••••••• •• 



Mole 



M 

>1 
ft 



• •••••••••••••«•■•••»••■ 



Hog*sUill 



n 



TowDi on 
tribataries. 



Alton 

Farnham 

Godalming 

Gttlldfjrd 

WoklDg , 

Weybridgfl 

QletohiDgisj 

Belgata 

Dorklor 

Leathflthead 

Gobham 

EastMoalsey 

•*. 

Epsozn • . 

Even 

BlaiQon ••••..... •■.I.... 



•30 

1-2 



3,U8 
4,092 
4,461 
2,444 
9,106 
6,668 
1,372 
1,126 
6,363 
3,366 
563 
1,916 

16,916 
6,419 
3,466 
2,133 
2,409 
2,297 
1,460 
1,084 
7,642 

15,263 
6,276 
2,535 
6,586 



{e.) Lower JBatin, 



Towns on 
the Tbamei. 



Ham 

TwlcksDhtm 
Rtehmonl...... 

Hoansloir ...... 

blevorth ..... 

BreDtford „.... 



Kbw ...„..„ 

Mortlake ... 
Bamsi .,„„ 

Chiswlek ... 



Rimmsrsmltb 
Potaey ......... 

Fttlbam ........ 

Vaodiworth.. 



Tribataries. 



Brent 



»t •• •••....M 

ff . .......... ........... 

If .M.............. 



(Branch) 



Battersea 

I'O&don (North 
Baaki 

^'ondon (aonlh 

Bank) 

5^ford 

Q»«nwleh 



Wandle 



... «. 



»» 

it 
If 
ft 
)» 



• ee •***■* ********* *** 



•fl«»o«*e«e«oe9«t*ea«« 



Bafwabooni .... 



ft 
ft 
ff 



..••••....•a 



ff 



„ (Beane) 

f, (KlDy ■■•••..M* 



ft 



....••.....•. 



ft (Stort) 

ff ••■•••■■• M....Mf 

ff •••••«..*«.••.«•.•»..•... 

ff aM*....* .....M.... 

ff • 



To mis on 
tributaries. 



tMimet .. ........... 

Finehlejr -. 

Meodoa 

Edgeware • 

Harrow 

Pinner .«•... 

Hanwell 

Ealing 

..••a. 
...a*. 

aat •• 

...... 

Camhalton 

Crojdon 

Mltoham ...m*..*. 

Tooting 

Streatham .......... 

Wimbledon 

Bromlejr ....«•>.•» 

Lee 

Eltham 

Lewlsbam ........... 

Dnnstable 

Lntoc 

Hatfield 

Sterenare 

Bnntlngford 

Hertford 

Ware 

Bishop's Stortford 

Hoddesdon 

Brozboorne ......... 

Waltham Abbey.. 
Bpping .M............ 



§■3 



1,239 

10,533 

16,113 

9,294 

11,498 

11.091 

3,720 

7,146 

6,972 

655 

4,997 

2,332 

3,766 

9,959 

1,033 

6,119 

4,197 

8,608 

8,306 

42,691 

9,439 

23,360 

19,783 

3,668 

66,652 

6,498 

2,327 

12,148 

9,087 

67,218 

3,188,219 

713,057 

60,188 

169,361 

10,674 

10,493 

4,539 

36,525 

4,668 

17,317 

3,998 

2,909 

1,014 

7,169 

4,917 

6,250 

2,090 

?,872 

6,197 

3,276 



Towns on 
the Thames, 



Woolwioh M.... 



Erith . 



..••••••••• 



Pnrfleet 

Oreenhithe ... 

Thnrrock 
(Grays and 
West) 

Tilbury 

Graresend ...... 



Tributaries. 



ftodlng 

ff •• 

ff ••••• •••• 

Ingerbam 

Darent 

»f 

,f ......M •••• 

If ••••• 

ff ••• ...•». 

ft 

.. ... 

Crouch •• 

,, . .a..... ........•• > 

ff •• •••• •••• 



Towns on 
^tribuUries.l 



Oogar 

Wanstead 

Barking 

Bomford 

Westerham 

Seyeooaka 

Wrotham 

Farnlngham 

dhoreham 

Dartford 

..• •* 

Blllerlcay 

Rayletgh 

Roohford ........... 



O •' 



35,567 
2,103 
6,119 
6,776 
6,336 
8,289 
2,283 
4,118 
8,201 
8Si 
3,678 
8,298 
1,486 
1,462 



2,806 
974 
21,265 
1,451 
1,404 
1,689 



B. 

Kamss of Towns on thx Biybr Babins akd th> Coast 
South op thb Thames Basin, with thbia Popula- 
tions IN 1871. 

Jfedwtiff, 



Tunbridge Wells . . 
Eden — Bletchingly 
' Cfodstone . . 
Edenbridge 
East Grinstead . . 
TanbridRfe . . 
BeuU — Cranbrook 
Maidstone.. 
Rochester, Stroud 
Sheemess . . 
The ^tro/^— Sittingboame 
MiltoB 
Fayersham 
WUtstable 



Heme Bay.. 
Margate . • 
Broadstairs 
Bamsgate .. 



Ashford 
Canterbury 
Sandwich . 



Deal 

Walmer . . 

Dover . • 

Folkstone .. 

Sandgate . • 
Hy the 

Bomney • . • • 

Lydd . . . • 

Tenterden .. •• 
Rye and WinohelBea 
Battle . . • , 



• • 



and Chatham 



• • 



• ■ • • 

• • • • 

• • • • 



Stour, 



• • • ■ 






• ■ 



* • 
■ ■ 






Hother, 









19,410 

1,916 

2,254 

1,801 

5,390 

15,378 

4,331 

26,237 

43,116 

13,956 

6,418 

8,463 

7,319 

4,881 

5,703 
11,995 

1,926 
14,640 

8,458 

20,962 

3,060 

8,009 
3,816 
28,506 
14,791 
1,840 
3,383 
1,129 
1,936 

3,669 
8,290 
3,495 
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HoBtings and St Loonardi 



32,028 



jlthottfft* 

HaOaham 2,429 

Cuckmer^, 
Heathfield 2,044 

Owe. 

TJckfield 2,041 

Lewes 10,763 

Newhaven 2,549 



Bottingdetn 
Brightoa aad UoTe 



1,644 
90,011 



Adur» 

WestGrinftead 1>344 

Gockfield M20 

Steyning .. .. • J»$?^ 

Bhorehui 28,906 



WorthiDg 



7,418 



Arun^ 

Honham •• •• •• •• •• •• 7»831 

Wettem JRother^T^tmAM 1,687 

Hidhunt 6,763 

„ Petworth 8,804 

Anmdel 2,966 

Littlehampton 3,272 

Bognor 2,811 

Chichester »,064 

Havant 2,634 

Portemoiiib and ttattiMa 102,000 

Gosport 7,866 

IV»£am 7,028 

TiehJMd Sifer. 

TMifleld *.««» 



Bkhop'i Waltham 



SamileBmr, 



2,618 



6,674 
1,966 
6,601 
6,681 

6,866 



Itehen River, 

AlMford 2,204 

Winchester IMfS 

Twyford \Ml 

Blshopetoke M79 

MiUbrook and Shirley 11,846 

Senthampton 63,741 

Teet or Anthon. 

Basingstoke 

Whitchnrch 

AndoTer 

Bomsey 

LymmgUm Biver. 
Lymington •• • 

jxveft* 

DsTizes ^»^* 

Amesbory 1»1®* 

IFi2fy— Warminsfeer V86 

7 Heytesbnry 993 

„ Wilton 8»8J^ 

SaliSbary 13,839 

LndgerAaU WJ 

Downton 3,654 

Onnbonme 2,662 

Fordiagbndge .. .. 3,063 

KIngwood.. 3,781 

Ohiistohnroh •• 1M16 

Stowr, 

Stalbridge 2,096 

Stovrminsttt Newton MJJ 

Blandlord Fonun M86 

Wi«boni9 Mlsf^ ^19 



C. 

Kaxbs or Towns ok ths Ooast axd 
RiTiR Babiks of thv South- Wbbt of 
WITH THBn PoruuLTioys IK 1871. 

Poole 1«,W 

Frome, 

GemfAbbaa U^ 

BeieBegis M76 

Waieham 3,0» 

Dorchester ^,915 

GorfeCastte It806 

JTey, 

Weymouth and Mekombe Begia •• .. 13,26$ 

BriL 

BeaminBter 2,685 

Bridport 7,870 

Lffme. 

LymeBegis •• •• 2,333 

A*. 

AzminBter • . . • • 2,861 

Colyton 1479 

Axmouth 70S 

Sidmonth •• 3,390 

Otter. 

Honiton .. •• , •• 3,464 

Ottery St. Maiy 4,110 

JSxe. 

Bampton 1,92S 

TiTeiton 10,034 

SflTerton .. •• 1,288 

GoUampton .. 2,967 

Bradnindh or Brainea 1,914 

Crediton •• 6,77S 

Exeter 44,226 

Topsham 3,121 

Ezmonth .. .. • 6,614 

DawUsh 4,241 

Teipn, 

Moreton Hempstead l,5il 

GhudJeigh 2,042 

Newton Abbott 2,194 

Teignmouth 6^11 

Torquay 21,667 

Paignton .. •» • 8,690 

Bfizham 6.642 

Jktrt, 

Ashbnrten 2,962 

Totness •• 4,073 

Dartmouth • ,• 6,338 

Kingabridge « ,. 1,567 

South Brent 1,449 

JhM. 

ErBAington.* •• « 2,010 

Modbiuy 1,761 

Plymouth 70,091 

Flynpton .. .. 1,084 
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Tavy, 

TftTutoek 7J81 

Tamer. 

HoLsworthy 1)646 

Laonoetton 2,935 

Saltaflh 2,293 

Devonport.. 64,074 

St, OirmmCi JUver. 

CaUington 2,173 

8t.Genna&'i 2,678 

Liakeard 6,499 

East and Weit Loo6 •• .« .. •• 2,194 

Loatvithiel .. ., .• «. .• 922 

Fowey •« .« .. .. .. •• M94 

StAiutell 8,803 

Meraflfiaay 2,073 

Fai. 

Tragoay .. ,. 745 

Tnizo , «• ,. 3,069 

Panryn * 3,679 

Falmoath • 5,294 

BtMawea.. ^ 1»003 

Helaton 3,797 

Maraciozi 1,267 

Penzance 10,414 

Stlvea 6,965 

Phillaok 4,165 

Oamboine 7,757 

Bedmth 10,685 

StHiohael's 1,000 

St. Columb Major 1,113 

Haw Quay 1,121 

Cameh 

Camelford 1,250 

Bodmin » ., .. 4,672 

Wadekridge « •• 1,594 

Paditow 1,991 

Btratton ,. •• 1,839 

Hartland 1,871 

Ihrridffe. 

Hatherleigh 1,684 

Oifcrnne*/— Oakhampton , 1,900 

TozTingUtt 3,529 

Bideford 6,969 

Taw. 

Clramleigh •• 1,594 

L, Jkurt— South Molton 3,978 

iro2»— North MoltoB 1,703 

Barnstaple •» .. 11,659 

nfraoombe.. ./ .. .. .. .. 4,721 

Porlook .. .. 777 

Hinehead .. .. • 1,665 

Bonster 1,156 

Ciewkeme •• 3,557 

South PethertOB .. 2,065 

Farrei, 

/</«— Chard .. 2,400 

n Ilminiter 2,431 

roo—Teoya 8,527 

}, Bchester 743 

„ {Branch) Somerton •• .. .. 2»302 

I^ngport •• .. 1,018 

'VTiretiiooinbe «• •• ' •• •• .• 2,059i 



Milverton •• .. «, «, .. ., 2,018 

Wellington 5,199 

Taunton 14,597 

North Petherton 3,985 

Bridgwater 3,539 

Srue, 

Braton 1,691 

Castle Carey ,• .. ,« .. ., 2,021 

Glastonhary. .« •« 3,688 

Shepton Mallet 4,163 

Street .. .• 2,157 

Az, 

Wells. .. 4,518 

Axbridge 830 



Namis of Towns wrrniir ths Bisnr of thb Sbvibk and 
ITS TbIBVTABIBS, with THBm PopuLATiom DC 1871. 

Upper Severn, 

Llanidloes 8,428 

Kewtown 4,874 

Welshpool •. «, «. •• .. 4,033 

Vpmwff, 

UanfiUy .. .. « 1,132 

Llansaintfraid 1,362 

Oswestry 7,036 

Feny* 

EUesmare,. • «« •• 6,309 

Shrewsbury 23,406 

Whitohnroh .. .. ' 3,696 

Market Drayton 4,039 

ifMf— Newport • .. .. 3,202 

JRoden—Wem 8,880 

Wellinffton 5,926 

Wenlook 19,401 

Coalhrookdale 1,574 

Ironhridge .. • 3,605 

Madeley 9,475 

Broseley -. ,« .. 4,639 

IForf, 

Shifioal 2,190 

Bridgnorth 5,320 

Bewdley 3,021 

Stour. 

Wolvevhampton (part) « 35,000 

Biidley 43,782 

Hale's Owen 2,984 

Stoorhridge •• 9,376 

Kiddeiminster •• 19,473 

Stoorport • 3»081 

Sahcarp, 

Broms(|TOYe • .« 6,967 

Droitwioih •• ». 8,504 

Worcester 33,326 

Tffnt, 

Knighton '., ,, ., 1,743 

dun— Cixm 1,127 

Lndlow 5,087 

Tenbnry 1,210 

(^raneA) Great MalTem 5,693 

Upton-on-Serem 2,664 

Ttwhibvy ., •• 5.409 
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Upper Avon. 

Kagby 8,385 

Sow—Qo^mLirf 37,670 

,, Southam .. 1,785 

Learn — Leamington 20,910 

Warwick 10,986 

Kington .. .. .. .. •• •• 2,126 

Stratford 7,183 

iS<owr— Chipping Camden 2,013 

„ 8hipaton-on-Stour 1,800 

Arrow — Henley in Arden 1,101 

„ Alcester 2,363 

Eyesham .. •• •• •• •• •• 4,880 

Penhore 2,826 

Chat 

Cheltenham 41,923 

Gloucester 18,341 

Stmud Water. 

Minohinhampton 4,361 

Stroud 7,082 

Painowick 4,019 

Weatbnry-on-SeTeni 2,495 

Newnham 1,483 

8maU Branch. 

Dorsley 2,413 

StnaU Branch, 

Wickwar 902 

Wotton-under-edga 2,314 

Berkeley 1,161 

Smalt Branch. 

Thombnry 1,630 

JFye. 

BnUth 1,059 

Talgarth 1,408 

Hay 2,011 

Hereford 18,327 

£iiy^— Preateign 2,460 

„ Badnor 1,870 

„ Aymeitry 775 

„ Leominster 4,749 

„ (^raiM;A) Kington 2,126 

„ „ Pembridge 1,535 

„ „ Weoblej 932 

JVwne— Bromyard .. * 1,322 

Roas 3,586 

Ifonnouf — ^Honmouth 5,879 

Cheprtow 3,347 

Lower Avon, 

Tetbnry 3,449 

Malmeabary 3,123 

Wootton Ba«ett 2,392 

Calne 3,333 

Chippenham 3,936 

Corsham 3,390 

Melkaham 2,464 

Trowbridge 11,508 

Bradford 4,877 

Marahfleld 1,788 

Bath 32,557 

Keynaham 2,240 

Bristol 182,523 

{Branch) Chipping Sodbury 1,157 

Portishead 2,137 

Uik. 

Brecknock 5,845 

Crickhowel 1,464 

Abergayenny 4,803 

Usk 1,616 

PonWpool 4,834 

Caerleon 1,30< 



Newport 9,844 

Tredegar 12,389 

CaerphDly 2»809 

Merthyr Tydyil . . . . ' 51,949 

Llandaff 11,922 

Cardiff 39,536 



E. 
Names of Towns nr thb BnrBK Babii» of Waibs, 

AND THHB PoPXTLATIONS IN 1871. 



a, JDraininff South, 
Ogmore — Bridgend 

Afon — Aberafon 

Neath — Neath 

Ttftc^— Swansea 

Llwchwr — Llanelly 
„ — Lougher 
Owendraeth ratrr— Kidwelly .. 
Tou^y— Llandoyery . . • • 

Llandeilo 

Llangadoch 

Carmarthen . . • • 

Ta/— Lauffhame 

JBast (7/<»f(fo«— Narberth . . 
West Cfedrfoi*— Hayerford Weft 



• ■ 



1, 



3,639 

3,674 

9,319 

61,702 

16,281 

1,280 

2,072 

1,861 

1,470 

2,830 

10,488 

1,743 

1,266 

6,622 



It 



b. Draining We$t, 

r<n>— Tregaron 1,788 

Lampeter • 1,225 

Newcastle Emlyn 1,767 

„ Cardigan •• 3,461 

^^* l-^l^ryrtwiU. 6,898 

Dop^y— Dinas Mawddy 797 

„ Maohynleth 2,042 

Jfa^tfocA— Dolgelly 2,367 

Seiont — Camanron 9,449 

0. Draining North, 

Conway — Llanrwst •• •• •• •• 3,767 

„ Conway 2,620 

(7/u;y^<;— Bathin 3,298 

Denbigh 6,323 

St. Asaph 1,900 

Bhyddlan 1,233 

„ Bhyl .. 4,229 

2>«-Bala 1.539 

Corwen 2,646 

Llangollen 2,798 

Buabon • 16,150 

Chirk 1,919 

Malpas 962 

Wrexham 8,676 

Holt 1,066 

Mold 3,978 

Hawarden 6,782 

Chester 36,267 

Flint 4,269 

Neston and Parkgate 2,838 

HolyweU 3,640 



n 
If 



It 

It 



II 
11 
It 
11 
», 
II 
fi 
»t 
II 
«i 
II 



• • 



Ubbait Populatiom cm thb GoAtr. 

! Tenby 
Pembroke 
Wilford 

' St Dayid's . . 
Fishgnard 
b- Cricneth 
PwlhelU 
Neyin 

{Bangor . . • • • • 
Llandndno . • • • 
Abergele 



3,810 
13,704 
3,262 
1,000 
1,681 
812 
3,009 
1,791 
9,860 
2,762 
3,194 
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Namss of Towvb is thb Bivbr Baiiki of Ritbbs ' 
Flowhto into thb "WASHt and thobb of thb Ad- 
JozNiira liOreoiiirsHiBB Goait. 






n 



Gbbat Ouib. 
BraoUcy 

Buckingham 

Wlnalow 

Stony Stratford 

WolTerton*. ,, ,, ,, 

ror#— Towo6it«r 

Newport Pagnell 

Ouza—Txing 

iTinghoe 

Wobum 

lioigliton Buzsard 
„ Fenny Stratford •• 
Olney 

Harrold 

Bedford 

/v«^— Ampthiil 

SheUord 

Cffw)Hitchin 

Baldook 

BigglMwade 

Potton 

St. Neots 

Xym^Kimbolton 

Huntingdon 

Qodmaiinh<wter .• 

Stives 

Swayeiey 

Cam—Boyiton 

Saffron Waldea .. 

Linton 

ij Oambrxdge 

Ely .. .. 

Xar^k— MildenhaU 

Zittle OiM^— Thetford . . 

)) Brandon • . , , 

rMMy— Walton 

n Swaffham .. 

», Stoke Ferry 
Downham Market 
JVjr— 'Iiiteham ,, ,, 
King's Lynn 



n 
n 



2,861 
8,703 
1,826 
1,976 
2,804 
2,466 
3,666 
4,046 
1.722 
1,606 
4,696 
1,690 
2,647 
1,042 

16,860 
2,220 
1,111 
7,630 
2,036 
4,244 
2,072 
3,200 
1,609 
4,243 
2,363 
3,291 
1,336 
1,801 
6,718 
1,838 

30,078 
6,114 
3,862 
4,166 
2,216 
1,388 
3,700 
706 
2,762 
864 

17,266 



Baventry .. 
Northampton 
Wellingborough 
^liwai .. 



Kbn. 



• • • • 



•• t* •• •• 



Bothwe 
Ketterinc . . 
HighamFerrars 
Thraptton . . 
Oondle 
Kingidiffe 
Peterborough 
Saxby 

WhitUeMa.. 
March .• ,. 
Wisbeach .. 
Batton St. Mary .. 

Wbllakd. 

Market Harbocough 2,362 

Uppingham 2,464 

Stamford 7,846 

(?i/a*A— Oakham 2,911 

Market Deeping 4,663 

Crowland 2,469 

Spalding 9,111 

(?^^Grantham 6,028 

II Bourn 3,098 

11 Donington.. • 1»763 



4,061 
41,168 
9,386 
2,448 
7,184 
1,232 
1,223 
2,829 
1,269 
11,264 
1,393 
4,297 
6,864 
9,362 
4,263 



Olen — Swineahead 1,919 

,, Holbeaoh 6,332 

WiTHAM. 

Lincoln 26,766 

Bain — Homcastle 4,866 

i9/^0/br<; je.^Sleaford 3,692 

Bolmgbroke 947 

Boston 14,626 

STBBPHrO BlYBR. 

Spilsby 1,623 

Wainfleet 1,366 

LofooLNSxjBB Coast. 

Burgh .. .. 1,236 

Alford 2,881 

Ludd—Louih 10,600 



G. 
Nambs of Towns or thb Bivbb, Basins of thb Eastbbn 

OOUNTIBS, WITH THBIB POPULATIONS IN 1871. 

■ 

CMm$r. 

Thazted 2,188 

Dnnmoir •• .. •• .. •• •• 2,983 

Chelmsford 9,318 

Slaekwatir, 

Braintree 4,790 

CoggeshaU 2,916 

Witham 3,347 

Maldon 6,686 

Colne. 

Halstead 6,783 

Colchester .. .. 26,343 

Stour. 

Hayerhill 3,031 

Clare 1,887 

Layenham 1,886 

Sudbury 6,908 

Neyland 980 

Bildeston 808 

J?r#«— Hadleigh 3,676 

Manningtree 970 

Harwich 6,079 

Oipping or Orwell, 

Stowliarket 4,097 

Needham Market 1,393 

Ipswich 42,947 

Dehen. 

Bebenham 1,349 

Wickham Market 1,641 

Woodbridge 4,403 

AId$. 

Framlingham 2,669 

Saxmundham 1,292 

Aldeburgh 1,990 

Orford 1,022 

Blythe. 

Halesworth .. 2,437 

Southwold 2,166 

Diss 3,861 

Eye 2,396 

Harlston 1>662 

Bungay •• .. .. •• •• •• 3,603 

Beccles 4,844 

Lowestoft 1^»246 
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Whuum (Tare). 

Fakenlukin.* .. .• 1>881 

EastDoreham 3,689 

Konrioh 80,886 

Wymondham •• •• •• •• •• 2,160 

TwmoQth 41,819 

Sun. 

ATlaham 2,346 

North Walsham 2,842 

Wontaad 746 

TOWNB ON THB NOBFOLK COABT. 

Cromer 1,423 

Holt .. M63 

Wells 8,044 

WalBiogham 1,509 

Bumham Weitgate • M86 



H. 

Kambs oy Towm within tmrn Baiin or thb Tsbkt, 
wim THim ForvLATioN in 1671. 

Baralem 25,563 

Httiley 18,407 

Stoke-on-Trent 15,300 

Zffm$. 

Newcaitle-imder-Lyine .. • 15,948 

LoDgton and Lane-end 19,748 

sum 3,732 

Sow, 

J^^0>^h^^^ 1,484 

Stafford 12.212 

P^fiib— Brewood 3,237 

„ Oannock 6,350 

., Fenkridge 2,435 

Bngeley 3,375 

Sl^e. 

Abbott! Bromkj 1*456 

TtfflM. 

Wohrerbampton (part) .. : .. 34,000 

Wedneafield 9,000 

Walsall *• 40,801 

Wednesbury 116,809 

Bimingham •• •• •• •> •• 343,787 

^/yM^-Ooleshill 5,396 

^JfctfT— Hnneaton 7,399 

., Hinkley 6,902 

,. Atherton .. 3,677 

„ i9^»— Market Boiworth 949 

Tamworth 11,493 

Ltehfleld 7,347 

ifM«0^Ashby-de-la-Zonoh 7,302 

Bnrton-on-Trent 20,878 

JMve. 

Hartington 2,966 

Asbboome.. •• 5,310 

Booester 1,341 

aiirm<— Leek 11,331 

Tmm— Obeadle 2,929 

Uttoxeter 3,604 

Tutburr 2,149 

Oastle Donnington 2,154 

JkrwnU, 

Gastteton 1.030 

Hatberseage 1.021 

Evam 2,130 

IrM—Biixton 3,717 

„ Tideswell U15 

„ Ashfoid 713 

„ BakeweU 2,283 
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Barley 1,557 

Winster .. .. • 814 

liatloek .. «. fi,220 

Orompton • .. 1«074 

Bonsall 1,246 

Wirksworth 8,338 

Amber— AltnUm • 8,680 

Heage 2,195 

Belper 8,527 

Derby » •• 49,810 

Leicester 95.220 

ITrea^— Helton Mowbray 5,011 

„ Syston * •• «. 1,877 

Mount Sorrel 1,995 

Barrow 5,857 

Lougbborongh • 11,588 

Kegwortb 1,884 

Erewath, 

Ck>dner 3,689 

Heanor ;. 4^8 

Tfffifff 

Hocknall Torkard .. .. *• •• 4»257 

Notiinghain 86^621 

Ikvon, 

Bingbam • 1,629 

Greet. 

Sontbwell • .. •• 2»400 

Newark .. .. 7. 12»195 

Small brtineh. 

Toxford 1,016 

Gainsborongb •• 7y564 

Idle. 

Mansfield 11,824 

JfoKfi^f— Ollerton •• .. 831 

„ EastBetford 3,194 

Syton—Workuop 1,486 

„ Blytbe 2,294 

„ Bawtry 930 

Epwortb 2,295 

I. 
Kaios of Towns on ram Basins of ten Ocn and 

HVMBBB, WITH THXIB UbBAN POFULAnONS IN 1871. 

Ousa. 

Swale. 

Maker 913 

Beetb 1,077 

Richmond • 2,520 

Northallerton 2,663 

(^rancA) Bedale 1,026 

Think 3,040 

Ure, 

Hawes •• 1,843 

Askrigg 607 

Leybnm •• 887 

Middleham .. 909 

Masbam , 1,062 

Ripon .. .. » 6,806 

Borougbbridge « .. 857 

Xyte. 

Easingwold , 2,153 

JTM. 

Patdey-bridge 800 

Ripley 1,334 

Knaresborongb • », 6,205 

Harrogate 6,843 

Tork 50,765 
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Wharf; 



IlUey 

Otiey 

Wetherby 

Tadcaster 

Cawood t .» .« 

Selby 

Air9> 

Gargrave » .. •• 

Skipton 

Keighley .. «• 

Bingley 

Bradford Beek^^Bndlotd 

Bramley •• .• 

Honforth •• .• .« .. 

Headingley • 

Le«is 

Calder — Holme . • . . . • • • 

Hebden-bridge 

Sowerby*bridge 

Sowerby and Luddenden Foot. • 

Halifax .. .. .. •• 

Elland 

Brighouse 

Baatrick 

^0/md— Holmfirth 

Honley 

Melthaoi . • 
Haddexafield 

Dewabory « 

Heaton 

Horbary 

Wakefield 

Kormanton 

Kethley 

Parrybridge 
Pontef ract . . , , 
KnotUogley 



2,511 
5,855 
1.667 
2,443 

1,179 
6,193 

1.291 

6,042 

19,775 

15,952 

64,440 

9,882 

5.465 
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u 
fi 
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If 
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n 
ft 
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It 
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If 
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13,942 

259,212 

724 

3,894 

7,041 

9,211 

65,510 
6,432 
6,370 
5,846 
5,613 
4.906 
4.229 

70,253 

24,764 
1,929 
8,977 

28.069 
3,448 
3,277 
920 
5,350 
4,039 

14,644 



Howden 2,315 



Pickering ,, 
Malton (New and Old) 
Helmaley ,. 
Kirkby Hoordde . . 
Poc^liDgton • . 

Harket Wetgbton 



JDtrwent 



Peoiatone .. 

Sheffield , , 

Mteidiffe ., 

i»a#r— Cheeterfleld 
ti Dionfield,, 
>i Staveley •• 
•I Tinaley . , 
ti Rotberham 

^Mrw-Bamaley.. 
fi r^aifield ., 

^ i» Wath .. 

I^oncaeter .. 

TickhiU . . ,[ 

Thoine 

Crowle 



JDon, 



J HUMBBB. 

^eholme or New JJtwr— Market Raaen 

t» Caiator 

^ ^ ,t Glandford Bridge 

Barton-on-Humber 

^««^/ -Riwr-Driffield 

If Beverley .. .. .. 

tt . » fluU 



3.689 
6,000 
1,437 
1,788 
2,622 
2,354 

1,549 

239,916 

16,574 

11,427 

2,475 

2,441 

953 

26,892 

23.021 

1,673 

2.023 

18,768 

1.844 

2,618 

3.122 



1,100 

2,012 

1,692 

4.332 

5,067 

10,218 

121,892 

900 



Patrington 1,571 

Grimsby 20,244 

Coast Towks Adjaobnt. 

Soarborough »• •• 22,391 

FUay 2,267 

K. 

Naxbs of Towns witbin thb Basin of na Hbrsbt, 

AND tHBiB Populations in 1871. 

(7oy<— Chapel-en-le-Frith 3,716 

Ethirow — ^Mottram 2,690 

„ Gloasop 17,046 

.. Marple.. •• 4,100 

Stockport 63,014 

TaiM^—Staley bridge 21,092 

„ Dukinfield 14,086 

„ Asbton-under-Lyme .. .. .. 31,984 

„ Hyde 14,223 

Cheadle 2,929 

IrvoelL 

Haslingden 7.698 

Bacap , .. 7,199 

Burv 38,596 

i^o<;A— Boobdale 63,486 

„ Heywood : ,. 21,248 

Tange — ^Bolton-le-Moors 82,863 

Salford 124,801 

Manchester 356,626 

/r*— Middleton 14.617 

Medhek—Omi^m 82,629 

,. Altrincbam 8,478 

(?/as^ooA^Leigb 33,592 

BMn. 

Haoolesfield 36,460 

Bollington 3,668 

Wilmfiow 7,861 

5t>Am— Knutsford 3,597 

Sowbrook'-^hjmm 4,541 

Warrington 32,140 

Sank§y. 

St. Helen's 46,124 

Prescot 5,990 

Asbton-ib-Makersfield 7,463 

Kewton-ili-Makersfield 8,244 

Rancom • •• 12,448 

JFiaver. 

Nantwich 6,673 

Whitoboroh 3,696 

Crewe 17,810 

Northwiob 2,894 

i>aiie— Congleton 11,344 

„ Middlewich »» 3,086 

,. "WheeloekSajidiHUih 6,269 

Frodsbam .. .. 2,096 

Branch — ^Tarporley 1,243 

Wallasey 14,819 

Wavertree. 7,810 

Liverpool .. 493,006 

Bebington 6.940 

Birkenhead 46,418 

West Derby 27,292 

L. 
Kaxbs of Towns within thb Dbainaob Abba 
including thb Ribblb and thb Wtbb, with thbib 
Populations in 1871. 

Settle 2,163 

Gisbum 1,997 

Clitberoe 8,208 
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Barnley 40,867 

Fadiham 6,675 

Whalley 747 

{Branch) Aocrington . . • . . . . . 21,788 

Larwen — Blaokbiini 76,339 

„ Oyer and Under Darwen . . . . 26,164 

Walton-le-Dale 8,187 

Preston 86,427 

Tiirroir— Chorley 16,864 

Dow^^*— Wigan 39,110 

„ Ormskirk 6,127 

Kirkham 3,693 

Wyre. 

Oantang , .. 687 

Ponlton-le-I^lde 1,161 

Fleetwood 4,428 



M. 

KaXBS of TBS TOWKB DT THB YaXIOUS BlYSB BaSINB OF 
THB IiAXB DiBTBIOT, AND THSIK FoPVLATIOMS IK 1871. 

Bayenitonedale ' •. .. 973 

Orton 1,499 

Sedbergh 1,983 

Kirkby Lonadale 1,766 

Bentham (High and Low) 2,237 

Bolton-l6-8and« 763 

Lancaater 17,246 

Poolton by the Sandf 3,006 

Caznforth 1,091 

KtnU 

Kendal 13,446 

Milnthoip 1,699 

Bnzton In Kendal 679 

Ju€9CH» 

Ambleside 1,988 

Hawkahead 1,086 

UlTezslone 7,607 

Duddtn* 

Broaghton-in-Fomeaa 1,086 

Dalton-in-Fomeea 9,310 

Bayenglaai 602 

Mm. 

Egremont 2,377 

Whitehayen 18,461 

Denomt, 

Keiwick 2,777 

Cockennouth 6,116 

Workington 7,979 

Maryport 7,443 

AUonby 672 

WampMl, 

Wigton 3,426 

Ednu 

Kirkby Stephen .. i,87l 

Broogh 669 

Appleby 1,989 

Fenrith .. .. 8,317 

^fxiMrA) Brampton 2,617 

Ctflitle 31,049 



Iiongtown 



LMtL 



•• 



1/M6 



N. 



Nambs of THB Towira oir thb 

HAM AND KOBTHUMBBBLAHD, 
DT 1871. 

Eik. 



Brm Biann or Dun- 



EgtO! 

Whit 



n 
hitby 



Gaiaborongh 
Bedcar •• 



1,33« 
12,469 

6,202 



Hiddleton-in-Teeadale 

Barnard Oaatle 4,306 

(J9rafu;A) Staindrop .. •• •• •• 1,234 

Skerne—jyvtimfiUm 27,729 

Tarm 1.340 

Stockton 27.738 

Middleaborongh 39,663 

XtfWM— Stokeuey 1,877 

HarUepool 13,166 

Seaham 2,802 



Wtmr, 



Rtanhope 

Wolsingham 

Bidiop Aackland • . • 

Durham 

Cheater-le-Street .. 
r^ran«A)Hetton-le-Hole 
Bishop Wearmoath 
Sunderland 



Tyne, 
South r^n^— Alston . • 
„ Haltwhistie 

„ AlUn — ^Allendale 
North Tym — Bellingham 

Tyn$, 
Hexham •• •• 
Z>tfrii>«fff^^Newbiggen . • 
Elswick 



3,266 

7,7TS 

8,736 

14,406 

2,460 

7,3M 

60,032 

98,243 

2.627 

1,6« 

6.367 

833 



Wallsend 

Newcastle • 

Gateshead 

Walker 

Jarrow 

Heworth • 

Howden 

Soath Shields 

Tynemoath and North Shields , 

Blyth. 
Blyth 

Morpeth • • 
Seaton • . 



WmUbeeh, 



• • 



• • 



• • 



Rothbnry • 
Warkworth 



Ooqvei. 



6,S31 

1,137 
27,801 

4,169 

137,666 

48,627 

8,888 
18,179 
13,766 

1,U2 
46.336 
38,811 

2,91S 

6,914 
1,690 

1.074 
766 



Alnwick 6,218 

Alnmoath • .. 469 

TiU. 

Wooler 1,610 

Belford 1,020 

I Berwick>on-Tweed 13,282 




Map of Distbicts Pboposbd bt Samubl B. Gosldt. 
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ESSAY BY SAMUEL B, QOSLIN. 

Motto. 
'The princes digged the wells by the direction of the lawgiver." 

The Subject. 

It is hardly necessary to say that, in whatever 
light the problem is viewed, it is seen to be as vast 
in its magnitude as it is in its importance to the 
well-being of eveiy individual in particular, or to 
the nation at large, not only for the present time 
but for generations to come. Becent legisla- 
tion having to an extent laid out the ground for 
operations to be commenced, it remains — 

(1.^ To take an account of the requirements and 
conditions. 

(2.) To consider the best and most available re- 
sources and materials for the work. 

(3.) To divide the country, or to delineate the 
plans for operation. 

OiA To have the works carried out. 

(5.) To provide the money for payment. 

Withal takinp^ the experiences of the past, and 
the collected evidence already given, as the guide 
to the final determination upon every proposal or 
point connected with the suhject. 

PbOPOSALS.— BEQUIBBMEirrS, &c. 

The requirements or conditions of a water supply 
is always the first question put by the hydraulic 
engineer, whenever coosulteo, both as to the present 
and future periods, whether it be for city, town, 
village, mansion, farm,* or factory ( if it oe for the 
nation, the same particulars or statistics are abso- 
lutely necessary. The particulars have been, to a 
very large extent, already compiled and supphed, 
but are not so complete in all their details as it is 
desirable that they should be. 

It is to be seen that there are 25,349 various 
and separate places in England and Wales to be 
supplied with potable or ** pure and wholesome*' 
water in varied quantities, these places being 
comprised in 2,061 unions, 4,158 townships, 9,694 
parishes, 470 hamlets, 102 chapelries, 151 ty things, 
with some few municipal boroughs, villages, Hber- 
ties and precincts, covering an area of 53,320 
square miles, with a population, in 1861, of 
20.066,224; in 1871, 22,712,266; now about 
25,000,000, with some 14,000,000 dwelling in towns 
and urban districts, and 11,000,000 dwelling in 
rural districts, villa^, and small towns. 

The population m the metropolis and urban 
districts is increasing rapidly, and that of the rural 
districts slowly, as was shown in 1871, to be in the 
proportion of 1*73 for the urban, against 0*71 in 
the rund districts. The population of necessity 
ezistuig in two distinct classes, viz., (1) those 
closely packed in large towns and cities, easily 
served ; (2) those dwelling in country parishes, 
villages, mansions, farms, &c., for the most part 
widely separated — as for instance (1) St. Pancras 
Union, Middlesex (one parish) with a population 
of 221,465, in 2,672 acres ; (2) Staines Union, of 13 
parishes, 20,199, in 24,332 acres ; Aysgarth, Yorks, 
Union, of 12 parishes, 5,473, in 81,012 acres. 

The present reqturements, so far as quantity is 
i concerned, may be easily computed, and the in- 
crease uj)on that quantity, which will be necessaiy 
in 60 or 70 yean hence, may be gathered from the 



census tables, or the averages maybe fairly set 
down as 12^ per cent, increase for every period of 
10 years, so that as, in round numbers, ihe popula- 
tion to be supplied in 1871 was 22,700,000, in 1881 
will be 24,500,000, in 1891 will be 28,700,000, in 
1901 will be 32,300,000, in 1911 will be 36,300,000, 
in 1921 will be 30,900,000, m 1931 wiU be 
46,000,000, in 1941 will be 51,700,000, and taking 
20 gallons per diem per head, shows a quantity of 
454,000,000 gallons needed in 1871, 511,000,000 
gallons needed in 1881, 1 ,035,000,000 gallons needed 
m 1941, to be distributed in exceedingly diversified 
conditions of levels. 

The second question put by the hydraulic 
engineer is '*What are the levels P*' or, in other 
words, from what depth and to what height is the 
water to be raised, from what level is it to gravitate, 
or from what fall will the power to raise it be given P 
and to this the complete answer cannot at present 
be given; the Ordnance Survey will eventually 
serve the purpose when it has been completed ; 
and the writer ventures the suggestion that this is 
a matter of primary importance. The Ordnance 
Survey should be completed without a day's delay. 

It then follows, as being very necessary, that a 
full inquiry should be made, and the reports fully 
recorded of all the existing conditions of every 
place in the country, the depths and water levels 
in all the wells, the size and analysis of all the 
streams, &c. ; but this can only be done by an ap- 

Sointed Board or Commission, acting in various 
epartments, if it is to be accomplished in a reason- 
able time. It has been shown in part by the Riven 
Pollution Commissioners reports, and by the reports 
of other inquiries, as well as being fully realised 
after a few visits in various parts of the country, 
that the conditions are as diverse as it is possible to 
find theip. 

In many cases, in rural districts, there is a supply 
of water at the feet of the people, only neeaing 
some simple machinery to lift it ; in otner cases, 
difficult to be found anywhere near, either in wells 
or streams, of a pure and wholesome character. 
In some cases, the people are hindered, by incom- 
petent water companies or selfish landowners, 
from obtaining the available supply; in others, the 
people being supplied by exacting and wealthy 
corporations ; in some cases, the people using and 
drinking sewage impurities from ponds, tanks, and 
streams, as the only available source and supply ; 
in others, the purest water being supplied nrom 
deep-seated springs, by local authorities, borough 
corporations, and smaller nubhc compsnies. 

It cannot be worth whue to upset an existins^ 
arrangement, if it be found to be adequate ana 
sufficient for a prospective increase of population 
in its mechanical arrangements, even if it is con- 
sidered to be advisable to have it placed more 
directly under Government supervision, which 
every water supply should be, as a decidedly 
'* national question." 

The best and the most available resources have 
received considerable attention, as the rainfall, the 
rivers, the lakes, the wells, the streams, but not 
sufficient for this question, as the record will show 
at a glance, taking those of the rainfall from the 
2,000 stations in existence. They do not by any 
means give accurate and trustworthy data of the 
25,349 places in the country. It is not sufficient to 
map out and mark off certain spaces of average 
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wifhout stations of lecordi as in the east part of 
the Tendiing Hundred district in Bssex, where it is 
placed and averaged at the same rate as between 
Bomford and Colchester in the same county. It is 
proverbial that the former has but little rain com- 
pared with the latter, as whea at the latter a com- 
paratively continuous rainfall was experienced for 
six weeks, two small showers were the portion of 
the former. 

It is seen that the rivers and streams are for the 
most part polluted ; that the wells contain, in some 
cases, bracudsh water; but in most cases where deep 
or artesian, thereis a bountiful supply of pure water, 
irrespective of particular district rainfall, much as 
it is in other countries, as India, Africa, New 
Zealand, fto. fUe lakes ofBar an abundant water 
supply, fed by rains which have been measured to 
some extent, and, mists which, although of more 
frequent occurrence, few records, and little notice 
have been taken, nevertheless they form an import- 
ant factor in tiie question of water su]9ply. 

The velocity or pressure of the wind, another 
factor of great importance in oonnection with 
water snpply in urbui and rural districts, has never 
beoi recorded throughout the country. 

The geological statistics and records serve well 
as a raais to start upon in connection with a 
hydro-geological survey ; a work absolutely eesen- 
tul for the determination of the question of 
" National Water Supply," the geolosical records 
serving as an indication of the quiuities of the 
water* in some partioulars, but often insufficicat, as 
in ihe chalk underlying dav pure water mav be 
found atThorpe-le-86ken andatWalton-le^SoxeD, 
fcmr miles only distant from Thorpe, the wat^ from 
the same strata is brackish, and useless for the 
purpose desired. So is it in many other cases. 

The hydraulic engineer naturally inquires as to 
the available resources before he can draw the Hues 
ol his plan, or give his decision or advice for a 
water supply. And, considering that, in connec- 
tion with the question of the National Water 
Supply, the magnitude and variety of the require- 
ments, the diversity of the conditions, the imper- 
fect knowledge of the available local resources, 
the incomplete data of the geometrical, geological, 
and meteoroiogioal aspects of the country (the 
most complete information being necessary \ these 
must influence the divisions of the countiy which 
mKf be desirable at the present time. 

Everything points to uie fact that, wherever the 
divisions are n^de, or the Hnes drawn, they can 
now only represent the parts of a scheme, which 
may ultimately be improved in the final arrange- 
nsnk This ia dear, and can be decided at once — 
that no one scheme or arrangement will be found 
to be saited to every place, or group of jklaces. 

To effect a satisfactory result, the country should 
be divided into parts, or departments, and sub- 
divided into dirtnots, as they are termed in France, 
each department bang under the control and 
study of various officers of a ** National HydrauMc 
Board," or ** Board of Public Works," whose duty 
it should be at once to collect the necessary data 
of every district in their department, as per Form 
A, their departments, or divisions, heinif those of 
the rivers, as in France, or, for the immediate 
purpose, as per Map and Table A, or Key B, 
~^' *^ diTis]0iia iaiunde m mam of complete 



There are many advantages arising out of tlis 
plan of division, inasmuch as that the counties aze 
already divided into urban and rural districU, 
with tiieir respective authorities, all the statistics 
gathered of population, acrea^, rateable value, 
collectors, and places of meeting, having every 
facility for the collection of funds for the work 
requiied, and the supervision of the works when 
determined upon. It ia the fact that, in moit, if 
not in every case where there Ib no good supply st 
the present time, the evil has continued, more 
from the want of a decision as to what shoold be 
done, than from inability to find the money or tbe 
workmen to carry out the work, there bemg self- 
interests, diversities of opinion, and the fear of not 
doing the best, or spending money of the rsto- 
payers badly, whidi have nindered progresi in 
public works in urban and rural diatidcts. 

The dedsion of the department of the Naiionsl 
Hydraulic Board bdnff given as to what is to be 
done, and the law miMe that it must be done or 
carried out, is what is needed at the present junc- 
ture. 

It would be an easy matter for the engxaeering 
branch of the National Hydraulic Board to decide 
the question what is to be done in each district, 
in a group of districts, or in the department, 
when the statistics are taken as enumerated, 
whether the supply should be from lakes, welh, 
or streams, or whether the distribution should be 
effected by gravitation, by water power, by wind 
power, or by steam power ; eaoh having tbtir 
special advantages under certain oonditions. 

For the payment of the outlay and mainteaanoe. 
the easiest and best plan is to take tbe eaMnf 
Unions or districts in departmentSy as shown wheff 
the Poor-law Act is in force and rural sanituy 
authorities exist ; for the assessment several plsas 
may be suggested. 

1. Let the cost be charffed upon the land, sstbe 
landowners must reap uxe benefit of improved 
property more suited for human habitation. 

2. Let every ratepayer, upon the usual assese- 
meut of the poor's rate, pay his part of a consoli- 
dated national water supply rate, so that tbe 
wealthy hdp the poor, the strong hdp the wesk 

3. Let every male be taxed upon a retain of 
inoome or wage, the return being oolleeted at the 
time of the census, so that the woikinf mu or 
mechanic may pay his proportions as well ss the 
poor derk, the landowner, or nobleman. For au 
this there must of neoessiW be an Act of the law- 
givers ; they must strike tiie rooks of hard plso0*i 

ideas, and ciroumstances. 

1. To appoint the permanent National HydranlH 

Board to deal wHh the National Water 8Bpp27«>^ 
sewage disposal. 

2. To sanction or appoint the lines or bonndaiMt 

of the departments ana districts. , 

3. To ffive power to that Board to 0<>n"^^*°n 
dedde what is best, and to be done in each and aU 



4. To appoint the means, so that the decisioni 
shall be put into operation by rural or sanitary 
authorities, or the Public Works Department 

6. Te appoint the officers for the femt^\ 
inspection and maintenance of the National ^<''**' 



*For lUff and danwteflnts Of tha ^aC 
Hydnslio Board Ma X#* flom* 



^ S^i^ 
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6. To daolde upon tlM piaoe of aasesaing for the 
funds required. 

7. To decide upon the meaziB of colleotioiif that 
all may be paid. 

ScmiUBT OF StJOOBSTIONd. 

A. To take a foil aocount of tlie requirements 
and condition of the peoples. 

B. To take an aoooimt and to consider the best 
and most available resources for the work. 

C. To draw out the plan of diTision and of 
district and department works. 

D. To carry out the work. 

E. To appoint means for payment. 

F. The statistics and particulars to be taken 
fof every place— as for a smgle place now — ^this is 
absolutely necessary. 

Q. The present statistics are not sufficient, being 
too genenQ. 

H. The requirements should be anticipated for 
60 or 70 years. 



I. The Ordnance flwrey diould be completed 

without dela^. 

J. A National Hydraulic Board should be 
appointed. 

&. Every water supply should be under Govern- 
ment inspection or supervision and control. 

L. Mist-fall and vnnd-pressuze records should 
be taken. 

M. Whatever divisions are now made, they will 
have to be modified as parts of a whole scheme. 

K. Ko one arrangement will be found suited to 
every condition. 

0« The oounlary should ba divided into depart-* 
meats and districts. 

P. The d^artments nay be as Map, and 
Form B. 

Q. The department Board to dedde what is to 
be done. 

B. A law must be made to give powers. 

S. Sketches of requirements to be embodied in 
Bill. 



T <i n 



TABLB A. 

KAnOlTAL WlZIB SuVfLT. 



DeputmeDte. 



NoBTB. 



OonattM ladiided. 



Korthumheriaad 
Camberiaad . . . 
W^estmoTBlaxid . 
Durham 



1,290,812 
970,161 
600,906 
647,592 



3,408,971 



Po|wrt>tiODi 



386,646 

220,253 

65,010 

685,089 



1,366,998 



£ 

172,678 
97,296 
So, l^o 

283,741 



£679,782 



lUinf all ATonge. 



26 to 70 inches. 



NOBSB £A0T .. 



TorUhize : — £. Biding . 
N. Biding. 
W. Biding. 



760,828 
1,361,664 
1,790,369 



3,902,851 



268,466 

293,278 

1,874,611 



2,436,366 



Lanoashfze . . . . 

CSieahire 

DenbighflAdre.. 
CamanrcHQshire 

Anglesey 

FUatshixe .... 

Rutland 
Korfolk 
Suflolk 



163,174 
136,478 
761,374 



£1,060,026 



26 to 30 inches^ 



KoBKB Wmr. . 



1,207,926 
706,493 
892,006 
360,482 
193,511 
169,662 



3,038,079 



2,819,496 

661,201 

105, loa 

106,121 

61,040 

76,3ia 



I 



1^410,698 
260,469 

Wales not dIHdsd 



40 to 60 inches^ 
30 to 60 inches^ 

26 to 75 inihSB^ 



3,719,271 



Eass 



1,767,962 

94,889 

1,366,173 

949,826 

4,108,849 



436,699 

22,073 

438,658 

348,869 

1,246,197 



237,691 

14,415 

• 269,361 

199,426 

£720,787 



I 



uAdsr 25 inches. 
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Departsmti. 


OoontiM inoloded. 


Acreage. 


FOpolatlaD. 


BatcaUeviliie. 


SaiafiUA^vnfltt. 


KaOT If TDTtlND . 


Derbyshire • • 


666,243 
626,176 
611,719 
629,912 
229,616 
624,926 


379,394 
319,768 
269,311 
243,891 
63,708 
186,906 


134,824 
191,803 
179,634 
192,028 
44,866 
138,113 






Kotfemghamahire 

lioioesterahire • 


26 to 40 inidifla. 




Northamptonahire 

Himtiiiffdonshire 

Gambxidgeshire 




3,678,491 


1,462,968 


£880,318 




Wbbt 


Herionethahire 

Montgomeryshire 


386,291 
486,361 
443,387 
276,662 
393,682 
606,172 
460,168 


46,698 
67,263 
73,441 
26,430 
91,998 
116,710 
69,901 


Wales not divided 






TliiilTinnihire 


40 to 76 indMS. 




PembrokiMhire 






CamarthftiiBhire 

BreoknodkBhize 






3,060,593 


680,341 






RfAffoHwMr^ , , 


732,434 
841,167 
666,468 
472,463 
632,898 


868,326 
248,111 
634,189 
338,837 
126,370 


381,466 
137,630 
308,677 
174,331 
116,426 






Bhwjpehipft • , , 






Warwibkshixe .,,,,,,,, 


25 to 30 inohfls. 




Woroeatershire 






• 






3,146,410 


2,204,833 


£1,068,429 






/ l^f An1«l.{l^ , . . , , 


296,609 

319,141 

1,056,133 


146,267 
192,226 
466,436 


111,413 
140,266 
318,887 

• • 

2,080,627 
723,477 
610,560 


•^ 


•Parti 








Essex 






(MiddUmex ..•.x....xa 






1,741,783 


804,919 


•25to30i]ic]iflB. 




181,317 

483,178 

1,004,984 


2,639,266 

1,091,366 

848,294 




«Ftot2 


' Snrrer ••••••• ■••■•••• 






Kmt ....4.x. .... X . . 












1,669,479 


4,478,924 


£3,936,221 




SOOTB •••«•*•• 


^Oxford 


470,096 


177,976 
176,879 
196,476 
267,177 
644,684 
196,367 
417,466 


130,789 
40,697 
167,188 
196,484 
320,692 
135,278 
298,943 


« 


♦PftTtl 


< Bnokinghamshire 

( Berkshire 


467,009 
460,132 
869,303 
1,032,106 
627,266 
934,006 






WltrfiiPft ............. 


> 26 to 40 bdies. 








* Part 2 


1 Dorset , .,, 






Snisex ■•....•••.....•. 






* 


S 




4,839,916 


1,964,603 


£1,340,271 




SoDTB Wan. 


Olamorganahixe ..•••. 

Honinoathshire 

Olouoeatenliixe 


647,070 
368,399 
804,997 
. 1,049,816 
. 1,656,161 
869,878 


397,869 
196,448 
634,640 
463,483 
601,374 
362,343 


Wales not diWded. 
116,008 
293,501 
330,017 
342,222 
169,764 


* 

26 to 76 iadiea. 










ComwaU...,, ,, 












6,296,300 


2,656,147 







OiOLOOT.— (See Table D.y—Ur, Beet eayi :— *< The g«dlogioal aarvey of Kngjand and Walea ia not in a ftmqjMtti ateta, tad tfct 

genonOydo no more than ahow the atnta directly under the top aoil. The doicription of the geology of the eoaBtti* ^ 

lad and Walea haa nerer yet beoi compiled. W. J. Hurriaon, Eaq., of the Town Moaeiun, Leieeater. haa mt woA fa head far 

^■■A. Kelly; he haaflniahed. and that of Kooontieahaa been pabliahed. W. J. H. ia**in hopeir' of flnUdag hia worii thiay«v, 

which win be eocoeedingljr oaeral. It la higfal3r_neceanr7 not only to^take the geology of eys/ ca«nt][, but of efeiy i^ce^ witt the 



wataMwaiing atiata, aa haa been said 



W"fi? 



Beat, 'beoaaaeinchaDcyongetwatariaoBapiaai^itdiMaBolfollQfVuatjOQwfll 



lloTB.—Tba average acreage of departnenta ia from 8 000,0ao to 5,000(000. 

• »BaTbeadvliiMatodiTlda8Aaad 8.dfpsiteaBtiiBtolirolpartB; toMaaNagtoraB.,8411»Mt; popo^^ 
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PAPERS. 



METHODS OF SECUEING A SUFFICIENT SUPPLY OF 

PUBE WATER. 



THE mCIDENGE OF BATING FOB SANI- 
TABY FUBPOSES IN BUBAL DISTBICTS. 

B7 A. E. Brown, X.P., 
Vke-Pkvflldent of the Bodetj of Aits. 

In rifiing to bring this subject before the Con- 
ference, I feel that it is one of considerable magni- 
tude, and one on which I am afraid there is some 
difference of opinion. For some years I have been 
watching the working of the Public Health Acts 
in the rural districts, and have endeavoured, if 
possible, to find remedies for the difficulties, where 
there appeared to be need of a remedy. I have 
now to Dring before the Conference a point which 
I feel sure is one of the great obstacles that pre- 
vent the successful working of the Public Health 
Acts. Sanitary improvement, like every other 
improvement, cannot, I am afraid, be carried on 
without money. The way the money is raised for 
certain sanitary purposes ia the reason why I ask 
the Conference to grant me their attention for a 
few minutes. I ask them to consider the incidence 
of rating for water supply and drainage, and 
whether a better incidence of rating cannot be 
devised. Let me say, at the outset, that I have no 
intention of raising the question of rating income ; 
what I want is the proper apportionment of the 
expense on houses and lands. I hope gentlemen 
who follow me will keep to the narrow issue I have 
raised. The present mode of raising money for 
sanitary purposes is that an area is taken — 
such as a parish — and upon that area a rate is laid, 
which falls equally ui>on all the property within 
the area. There is an exception in the case of 
agricultural land, about wnich I shall speak 

Sresently . In some cases there are special drainage 
istricts ; but I shall show that they do not meet 
the difficulty. I may mention that urban districts 
have the power of making a separate assessment 
upon a part, or parts, of we disMct. Now, if all 
the property within the area were equally bene- 
fited by a sanitary improvement, the plan of 
leTying an equal rate would be fair ; but. in almost 
all cases, some property is not benefited at all, or 
only in an in<urect manner, while other properly 
receives the full benefit. Take the case of a parish 
with a village, which has to be drained or supplied 
~~*^*^ wator, in the centre or at one end, and with 



a lot of agricultural land around it. Is it right or 
fair that all the land should be rated for the drain- 
age water or supply of the village ? Or take the 
case of a parisn with two villages, one of which 
is to be dnuned or supplied with water ; aa it ri^i 
that the other should help to pay for the cost ? Or 
take the case where there are two landlords; one an 
improving landlord, the other not. Ia it fair that 
the first, after he has improved his own property 
at his own expense, should have to pay for the 
improvement of the property of the other ? Or, 
if 3'ou take anoUier case, where & speculative 
builder has run up a lot of houses, ia it right that 
the cost of draining those houses should be borne 
bv the parish ? What do we find aotnalljr to take 
place P In parishes where any sanitary improve- 
ment is to oe effected, there immediateljr spring 
up two parties, one for, and the other against, the 
prox>osed works, those whose houses are not going 
to be benefited objecting to pay for the improve- 
ment of their neighbour^ property. A case of this 
sort was mentioned by Colonel Cox, of the I^)cal 
Oovemment, Board, when he gave his evidenos 
before the Select Committee of last year on the 
Public Health Act Amendment BilL He said, in 
answer to a question put to him — 

'*! have one case particularly in my mind that 
oocnrred very recently, hut it ia not by any meaM « 
unoommon one. It was a question of 8Qp^yipg_^^ 
water a small village called Tal-y-Bont in wedmook- 
shire. The village of Tal-y-Bont was at one end of a 
contributory place aome 12 or 13 miles long ; it oootami 
about one-tmrd of the population of the pariah ; w 
remaining population^uiAt im to aav, the two-thirda 
not in the viUage—ooonpied detached houaaa and Uibib, 
Opposition was most rigorous, and not unnatnrallj to* 
on the put of those people. They said, *We two- 
thirds have got to put our handa into our pooketf sad 
pay for the express benefit of the lemaimng ooa-thi>d; 
and those people whom wo are supplying with ^*^ 
are perfectly well able to supply it for themaelTeer *Ba 
the whde thing is wrong.' The oppositioo was ex* 
tremely fierce and obstinate on those grounds.** 



Many other instances were mentioned by 

Baldwin Leighton and others, of villagas where 

the population was scattered over alarge aiea, sad 

I where those who were not beoeftted Dy tbs im- 
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piOYements objected to pay. With regard to tliis 
state of things, the Committee of last year reported 
that it was produotive of grave evils. The report 
says: — 

" It freqaetitly happens, notably in mral districts, 
that the whole charge is borne by the parish, under 
the rate for special enenses, while the supply of water 
ii limited to the village, or a ^artionlar part of tiie 
parish. Those, therefore, who hve outside the village, 
or the part of the parish benefited by the supply, have 
to pay for the water from which they derive no advan- 
tage ; this fact causes great opposition to schemes for 
water irapply, and in many instances renders it impos- 
sible to oany them out.'* 

The aame reason prevented the execution of 
drainage works. The Committee, to which I 
have referred, had before them the evidence 
of Br. Ballard, of the Local Government Board, 
who was able to mention, case after case, where vil- 
lages required draining, and where the public 
hmlth bad suffered in consequence of nothing 
having been done in the way of drainage. Why 
was "^is? The reason was, because those who 
administer the law knew that great oppnosition 
would be raised, and not unjustly raisea, if they 
attempted to levy a rate on all, which was only 
for the benefit of a few. Perhaps I shall be told 
that what is wrone is the afea, and that the area 
ought to be altered. But in most cases, the area is 
the parish, and to alter the area of a pansb for 
sanitary purposes only is impossible. They are 
very ancient, and so interwoven with what we call 
local govenmient, that such an idea has only to be 
stated to show its impossibility. But I shall be 
told that there is a provision for making special 
drainage districts in tne rural parts of the country. 
But these special drainage districts are found, m 
practice, not to work weU. I have made inquiry 
on this point, and have received information from 
105 mecucal ofiELcers of health, who have tiie super- 
vision of 6,600,000 acres of land, and 2,000,000 of 
the population of this country in 37 out of the 
counties of England and Wales. Only 26 out of 
the 106 medical offioers were able to say that 
application had been made to the Local Government 
Board for the formation of a special drainage 
district, some of which had been refused. On tms 
sobjeot, the report of the Committee of last year 
contained l^e following observations : — 

" Special districts for drainaoe and water supply have 
been ia some cases foxmed, but objections are often 
raised to the formation of new ratmg areas, and in 
some oases special difficulties arise. For jLnstance, when 
in a village some of the houses have water and some 
bave not, and whan these two classes of houses are 
intemungled.*' 

I think I have said enough to show that special 
drainage districts are not very successful. Let 
me now deal witii the objection that the parish 
ought to pay, and that it must be treated as a 
'whole. It is argued that the villages contain the 
labour whidi is used on the land, akd therefore, it 
is fair to tax the farmers for the benefit of the 
labourers. But this is often not the case. The 
Tallages often have a special industry. Take, for 
ii^Atanoe, a mining country, or suburban places, 
where the labour belongs to the town. In such 
j^^ses there is no bendit to the farmers, and their 
^ land ought not to be rated. Again, it is said that 
^ the rates do not fall upon the pariah, no sanitary 



improvement will take place ; and, consequently, 
disease will n)ring up, and the poor rates will be 
increased. The answer to this is that, if you make 
the incidence of rating fair— which it is not at 
present — opposition to sanitary works will de« 
crease, and, therefore, the public health will be 
improved. On this subject Sir Baldwin Leighton 
said: — 

' ' Then there is the argument that the parish is inter- 
ested in these improyements, because if they are not 
made, it will have to pay for medical relief, if not for 
rauperism. That I tmnk is a fallacious argument. 
The other argument is that the village contains tha 
labour of the district and, therefore, that the surround- 
ing land ought to pay for it ; but Uiat I think is as 
great a fallacy as the other. In the first place, the 
village does not contain that labour ; in my part of the 
country it hardly ever does ; the labour is contained 
either m the farmhouses or in detached cottages. There 
are instances of suburban villages where the labour 
reaUy belongs to the town, and not to the country ; but 
being in the district of the rural autiiority, it would be 
thrown upon the parish." 

Having shown that there is a great opposition 
to works for sanitary purposes, and that there is 
nothing in the present law to remove the opposi- 
tion, I come now to suggest the remedv. In 
dealing with the question of water supply, the 
Committee stated in their report that, sifter full 
consideration, they — 

« Think that the sound principle to lay down is that 
the water supplied by a sanitary authority should be 
paid for by the consumer. It is obvious that a fair 
charge made directly on the houses benefited will tend 
to msarm the opposition which now arises on the 
ground that the cost of the water- works will be thrown 
on the rates.*' 

Let the same principle be applied to drainage ; 
and when a house is drained, let the cost of the 
works be a charge upon the house which is bene- 
fited. But I shall be told that this would require 
a ^reat alteration in the law of rating. No doubt 
this is true ; but the principle is not new. The 
principle is found in the Public Health Act itself 
as regards nuisances ; for the cost of removing a 
nuisance is borne by the property to be ben^ted 
by the removal of it. The same principle is in 
operation with all water companies, for there the 
cost of water is paid for by the consumers. As 
regards drainage, we find the same principle 
adopted in many Acts of Parliament, it is ad- 
mitted in the Public Health Act ; for under the 
provisions of this Act it is possible to charge 
the property benefited with the cost of the works 
in some cases — I mean those cases in which a 
private improvement rate is levied. It is also 
admitted in various local Acts, thus pointing con- 
clusively to t^e policy of extending tne principle I 
contend for into general law. For instance, in the 
Hereford Improvement Act, 1872, 1 find the fol- 
lowing power to levy sewer rates. I need not 
read the whole of the section — the important part 
of it is that—*' A sewer rate is to be levied ui)on 
the houses, lands and tenements, the drainage of 
which is connected by pipes with any such sewer 
or drain ;" and in order to make it perfectly 
dear what the rate is for, the section concludes 
by stating tiiat the rate is to be in lieu of any 
rates for making sewers under the authority of the 
Act of 1854. Again, I will quote the case of a 
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large town— Liverpool— where part of the cost of 
the sewen falLi directly upon xhe house Gained 
by them. The LiYezxK)ol Sanitary Act says as 
follows : — 

'* Be it enacted that when and as soon as any such 
house or buildinff shall drain into or communicate with 
any sewer Tested in the Mayor, Aldermen, and Bur- 
gesses, the owner of snch house or building shsll pay 
to the ConncU a sum after the rate of six shilluigs for 
ererr lineal yard of the frontage of snoh house or 
building towards the prinoipal street in which the same 
shall be situated.*' 

I am aware that there are difficnlties in the plan 
adopted in this case ; but the principle is the same. 
A«ain, to <mote from one more local Act — the 
Black Bock Local Board Act, 1876, has the same 
principle with regard to water. A section of the 
Act 18 as follows : — 

' 'Hie Local Board may demand and take for the supply 
of water for domestic purposes within the district any 
ntes and charges not exceeding the rates and charges 
following, that is to say, where the annual rack rent or 
value of the premises so supplied with water shall not 
exceed twenty pounds, at a rate per centum per annum 
not exceding seven pounds ten shillings." 

As the i>ower of rating is here limited to pre- 
mises supplied with water, it is evident that tiiey 
oannot rate premises not so supplied ; or, in other 
words, the Board are recouped for their expendi- 
ture by charges on the property benefited. I have 
noticed that there have been several ^legations 
against the principle I have laid down, and tibese 
I will now glance at. First, it is alleged that the 
projposal would exempt agricultural land from 
rating, and that already tms dass of property is 
partially exempt, bein^ rated at only one-fourth 
of its value, and in this manner it already enjoys 
an unfair exemption, for it ought to pay more 
than it does to the highway rate. The answer to 
that is this — that each rate should be considered 
on its own merits, and in relation to the public 
good to be e£fected ; and it is no answer to say 
that one can be put off against the other. 

But I shall he asked whether this principle 
extends to urban districts. In any closely-built 
town you find the principle I am contendmg for 
is in operation, for every house being drained or 
enpplied with water by the public auuiorities has 
the benefit of such water ana drainage, for whidi 
it hM to pay the rate. These are border cases, 
districts which have urban powers, but are rural in 
their characteristics ; and I, for one, do not deny 
that there is considerable difficulty in dealing with 
them. Again, it U said that it would destroy the 
aeourity on which money has been lent — I mean 
the security of the rates of the whde parish. But 
that is not the case, for the rates of the whole 
district would be the ultimate security, and would 
be mortgaged, though the rates on the property 
benefited wotdd be the first asset for the repay- 
ment of the interest and principal of the mort^ee. 
With reference to the objection that, under tiie 
proposal I make, the areas might be very small, 
and, therefore, the rating might be high, I think 
the objection is a good one in those cases where, 
from various circumstances, the cost must be great ; 
and, therefore, I think it would be necessary to put 
a limit of charge upon the property benefited, and 
teoj excess of charge should fall as it does now. 
ITbis is a diiBouIt and technical subject, and I am 



afraid I have failed to pot it deaKij before ibs 
Conference. 

The object I have in view is to diTniniwh the op- 
position which, at present, exists to fWHiifauy im- 
provements in rural districts, and this object I 
believe can be attained by relieving ratepayen 
from the injustice of contributing to improvementi 
by which they are not benefited. If anything in 
this direction could be effected, I believe it would 
be a great improvement ; and, therefore, I have 
brought the subject before the Conference. One 
further remark I would make before sitting down. 
It appears to me easy to see how the preeent itate 
of tibe law has arisen. Sanitary legieletioQ has 
been a system of growth. The wants of popu- 
lous places have received first attention, while 
those of thinly inhabited districts hAve besa 
neglected ; and we have made the mistake of apply- 
ing to a thinly-inhabited district the laws which 
should apply to a more oomplex form of aodetj. 
It woulcl, I think, have been more aoientifio if 
the wants of a simple form of society had first 
been attended to, and afterwards there had beeo 
grafted on to those principles the developmenti 
necessary to a more complex form of aoo&ety. 



ON THE UTILISATION OF THE WATER 
SUPPLY OF ENOLAND. 

By Franeis E. Conder, C.B. 

At the time when public attention in Wn gland 
was sharply directed to the sanitary oonditian of 
the country by the serious illness of H.&.H. the 
Prince of Wales, in 1871, the writer sabmitted to 
the Local Government Board a plan for the eaniftaxy 
and hydrographio survey of the country, and for 
the division of England into an organised system 
of districts for that purpose. For this plaa» that of 
the creation of independent and disoonneoted local 
authorities was unfortunately substiLtated by the 
Government, and the opportunity for emcioit 
organisation was thus thrown away. In July, 
1873 (with the assent of the president of tfaue Locsl 
Government Board), an article to some exteot 
sketching out the original scheme was pablished 
in the ''British Quarterly Beview,*' and from that 
date the subject has from tune to time been advo* 
cated by the writer in different publications. 

On the appearance of the letter of H.R.H. the 
Prince of Wales to the Chairman of the Society of 
Arts, dated 30th January, 1 878, the writer, referring 
to the above facts, submitted a paper on the water 
supply of England and Wales (aooompanied hy 
a map), which the Prince sent to the Goancil df 
the Society. The paper is jointed on p« 40 of 
the official accotmt of tiie Congress held in May ol 
last year. From the same report it appears that 
the writer proposed that the result of the discus- 
sion then pending should be put in the form of a 
resolution, which suggestion was at onoe adopted 
by the Chairman ; and a motion to that e&ct, 
framed by the Council, was moved on the 22nd 
May by Ih*. Wright, seconded by the writer, and 
carried unanimously. This resolution recommended 
the Council of the Society to naake application to 
the Government to appoint a commission to inves- 
tigate and collect the facts connected with water 
supply in the various districts tluonghout the 
United I3ngdom« 
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The invitotioii by the Oonnoil of the Booietv of 
Arts of mggestionB for the diviaion of England mto 
watershed distriots, can only be properly re- 
sponded to by bearing in mind the ooncluBion thus 
arriyed at — ^that of the pressing need of a complete 
hvdrographio survey of the country. In the absence 
of that indispensable information, the reply of the 
engineer to such questions as those proposed can 
only be, to a certain extent, g^ess work. 

Indeed, the President of the Institution of Oivil 
Engineers repUod to the inquiries of the Council 
of the Society of Arts, in the spring of 1878, that 
he saw no way in whic^ a large and couiprehensiye 
scheme of a national character could be brought 
forward, owing to the difference of condition in 
different districts. This rather discouraging 
opinion was published by the Council. 

Of the other papers brought before the Congress 
fon 21st and 22nd May, 1878) that of Mr. Brown, 
M.P., called attention to the provisions of a Bill 
he had introduced into Parliament for the amend- 
ment of the PubUo Health BiU. Mr. J. W. Willis 
Bund proposed the appointment of a proper body 
to watch over the water supply, and Uie provision 
of funds to carry out the plan. The Bev. J. C. 
Clutterbuok insisted on the necessity of an extended 
and accurate knowledge of the amount and disui- 
bution of the rainfall of England, including the 
absorption of water by impervious strata. Sir 
Henry Cole thought that the whole kingdom might 
be mapped and parcelled out into a sort of water 
heptarahy. The writer gave a brief fl^etoh of the 
main features of the inquiry, and of the division 
of England into chief ontfall provinces. Mr. 
Bailey I)enton expressed his view of the necessity 
of a conservancy of river basins, of the acquisition 
of a knowledge of their hydro-geological con- 
ditions, and of the provision of legal facilities for 
dealing with the water. Mr. De Banco pointed 
out that the sanction of private applications 
for Acta ol Parliament xor water supply, 
in the absence of a general survey of the 
country, might be very mischievous, and 
gave a table showing the chief geological for- 
mations of the river basins on the northf rn, east- 
ern, southern, western, Welsh, and north-wests 
coasts of England. Mr. Evans called attention to 
the sourocB of subterranean supply. Mr. Hassard 

3»oke of the Welsh gathering grounds. Mr. 
omeraham dwelt on the advantages to be secured 
by the educated engineer from the careful study of 
data. Mr. Lueaa urged that the general absence 
of data as to water was the only real difficulty in 
the case ; and that a national survey would provide 
the remedy. Mr. Parry proposed the division of 
the country into watershed districts, each und<>r 
the charge ol an engineer, and suggested the exist- 
ence of 25 watersheds, each exceeding 500 square 
miles. Mr. Pierce argued as to the neoessity of a 
national supply ol water, and that to be provided 
by the Government, instead of by the Local Boards. 
Hr. Prestwioh took a general view of the water- 
bearing strata of the country. Mr. Shellord sug- 
gested that power should be given to county Boaras 
to deal with the catchment basins, of which he enu- 
merated 215. Mr, Shute spoke of artificial lakes, 
bat gave no figures. Mr. Symons referred to the 
rainfall statistics, and recommended that the entire 
administration of streams should be brought under 
js QBgle dindioiL Mr. Wills pointed out the 



inadequacy of local authorities to deal with the 
question of water supply. 

Thus, the whole con$eniu$ of the proposals of 
20 different scientific men, sent in without any 
mutual knowledge, follows the lead of the pro« 
posal made to the Local Qovemment Board by 
the writer in 1872 ; and the resolution of the 
Congress added the sanction of the nnanimoui 
consent of all its members. The utter ignorance in 
which engineers now are of many of the actual facts 
— as admitted by the president of their Institution 
— the imperative need for their collection; the 
necessity of Qovernment impulse and direction for 
such a collection ; and the propriety of dividing the 
island into national watershed and outfall dis- 
tricts ; must be taken as points which it is no 
longer requisite to discuss. 

Such being t^e present state of the question, it 
is evident that the suggestions that can now be 
usefully submitted to the Coundl of the Society of 
Arts must be limited in their range. It is un- 
necessary to urge further the need of information, 
and it is useless to attempt any detail of reoom* 
mendation in the absence of the requisite data. 

It may, however, be of use to say something as 
to the principle of the watershed divisions of the 
country, ana also of the steps which it is com- 
petent for the hydraulic engineer to take, if oalled 
on to advise in any particumr line. 

From the fact that the entire water-supply of 
the country originally descends upon its suxiaoe 
in the form of rain, snow, hail, or vajiour, it 
foUows that the first duty of the hydrographer 
is to ascertain the lines of watershed or water- 
parting; and then to measure the <}uantity of 
rain which annually falls in each district thus 
physically divided by nature. The lines of water 
parting will not be, in all cases, exactly those of 
the summits of the hills. But in the first instance 
the latter, forming the orographic divisions of the 
country, require to be clearly mapped out. The 
lines of watershed once defined, the next steps will 
be to measure the rainfall within each district, 
and then to ascertain what becomes of the whole. 

The physical form of Great Britain fwith the 
portion of which island forming England and 
Wales we only have now to do) indicates the 
primary division of the* outfalls of the east«m, 
the southern, and the western coasts. The Kt^^ 
central line of hills called the Penine CAaln, 
running from Warwickshire to Scotland, forms one 
nrimary watershed Une. The Cotswold range 
dividea the affluents of the Severn from those of 
the Thames. A more detidled study is needed to 
indicate the division of the head waters of the 
large basins of the Ouse and the Trent from the 
affluents of the Thames and Severn. The line of 
chalk downs running from Deal to Devises divides 
the Thames catchwater basin from the sources ol 
the southward trendmg rivers that faU into the 
IgngliiA Chann^. The granite upheavals of 
Devonshire and Cornwall divide the rainfall of the 
western prolongation of the irregular form of^ the 
island, between the English and the Bristol 
Channels. The Welsh mountain streams, whether 
turning off their rainfall to the east into the Severn, 
the Dee, and the Mersey, or directly westward or 
southward into the sea ; and the rivers of I^ao a- 
shire and Cumberland, drai& tho western portion 
of oar coasts, 
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In desoending from thiB g^eral physioal division 
of England to the smaller watmhed divisionB, 
there ia room for some difference of opinion. The 
unit of the water system is a river basin, inoluded 
between the watershed and the sea. But these 
units differ so extraordinarily in size, that some 
mode of grouping them becomes a matter of 
administrative convenience, or even necessity. 
Thus, while one engineer has sketched out 10 main 
outfall provinces, Sir Henry Cole has spoken of 
a water heptarchy. Mr. De Bance has tabulated 14 
river systems, under six general heads, and Mr. 
Shelf oia has enumerated 215 catchment basins, 
which vanr in area from under 100 to above 6,000 
square iniles. It is evident that administrative 
convenience must be consulted fully as mudi as 
absolute principle in carrving out the first general 
division of the rain outfall of the island. 

With regard to the three largest of these dis- 
tricts, there is little room for hesitation. The 
Ouse and the Trent with their affluents drain an 
area which Mr. De Bance estimates at 9,457 square 
miles. The Thames and its affluents, including 
the Medway, drain an area estimated by Sir 
Henry James at 6,160 square miles. The Severn 
and the Wye, are estimated from the Ordnance 
map, by Mr. De Bance, as draining 9,248 square 
miles. Thus these three easily mstinguishable 
systems comprise an area of 24,865 square miles, 
or 40 per cent, of the whole map of England and 
Wales. The definition of these watersheds at 
once fixes the boundary of other districts, and 
indicates the respective magnitudes into whidi it 
will be convenient to distribute them. 

The east coast of England, after the abstrac- 
tion of the outfall of the Humber and the 
Thames, is naturally divided into two districts, 
one lying north of itie first system, and the other 
intermediate between the two. The basins of the 
Tweed, the Tyne, and the Tees contain, accord- 
ing to Mr. De Bance's tables, 3,702 square miles. 
The rivers discharching into tiie Wash, dnun 
5,828 square miles, according to Mr. Sketchley, 
and together with the remainder, flowinff from 
the eastern counties to the north of the Thames 
watershed, drain in all 10,053 square miles, being 
an ^ area nearly 200 miles in excess of former 
estimates. If the whole of ihe western pro- 
montory of the island be included with the 
western outfall from the south limit of the 
Thames basin, the area will be 8,350 miles. The 
rivers of the Welsh coast, westward of the outfall 
of the Taf and the Ely, into the Severn estuary, 
drain 4,378 square miles of country. The eighth 
district, in this order, is that drained by ^e Dee, 
the Mersey, and the Duddon, coroprisiug 4,556 
square miles. And the remainder of the western 
coast, from the Eak to the Eden, is confined in 
the oomparativelv small area of 1,758 square 
miles, whicb might, it is nossible, be conveniently 
placed under the same aominististion as the first 
district, or that of the Tweed, Tyne, and Tees. 

The divisions thus indicated differ from the 
sketch plan submitted to H.B.H. the Prince of 
Wales, only by the substitution of the measurements 
taken by an officer of the Geological Survey for the 
round figures taken from less accurate maps, and 
by a slight change in some of the distributions 
then maae (such as that of the allotment of the 
Usk to the Severn system), for tiiesi^e of adhering 



to Mr. De Banoe's measurements, ^e total 
thus accounted for is 57,374 square miles. l%e 
total area of England and Wales, acccnrding to the 
agricultural returns, is 58,311 square miles ; irhich 
figures were taken in the sketch distribntion of May, 
1878. The smaller total is now adopted, in ac- 
cordance with the tenor of the invitation of the 
Council, ''founded upon evidence already pub- 
lished." 

Subject to such minor questions, and to the de- 
cision, as a matter of convenience, on the adoption 
of 10, 9, or 8 divisions of the country, the above 
consideration must regulate the main linea of de- 
marcation between the natural outfall districts of 
England. It is now desirable to inquire how the 
meteorological and geological portions of theinquiiy 
are to be connected with the first sketch, taken from 
thephysical geography. 

The problem which the hydraulic engineer has to 
solve in any particular case may be regarded as 
threefold. It regards the quantitv, the quality, 
and the cost of the supply. These elemeatB depend 
on area of watershed, or quantity of rainfall, and 
on character of soil, not only orographicaUj, bat 
geologically, regarded. 

As regards the first question, that of quantity, 
the first index to be offered to the engineer is the 
hydrographical map of the British Ides, prepared 
by Mr. G. J. Symons, a cqpy of which wOl he found 
in No. 66 of the ** Transactions of the InstitatkHi 
of Surveyors." The annual report on British rain- 
fall should be studied in connection with the map. 

It will be seen from these authoritiee that the 
water supply of England ia divided — as in the first 
instance we considered the water outfalls to be— 
into three districts, corresponding to the ^ikui- 
triangular form of the island. The rainfall is, 
however, heavier on the more elevated districts of 
country. It is more on the south coast thsm on the 
east, and more on the west coast than the south. 
The ten rainfall districts, or registration divisions 
of Mr. Symons, unfortunately do not ooincide with 
the natural river outfall districts ; the divisions of 
the Begistrar>General, which are not based upon 
physical geography, having been adopted. The 
first requisite for making the best use of the obser- 
vations already collected, as well as for completing 
them when requisite, will be the adaptation of the 
re^tration districts to the outfall districts. As to 
this, Mr. Symons is fully aware that it is desnaUe. 
But it is a costiy process for an unsnppcnrted in- 
stitution to undertake, and is one of uie points 
which can only be thoroughly carried out as a 
part of the complete survey, ia. the meantime the 
approximate method of distribution which was 
applied in the author*s sketch map of 1878, will 
have to be more minutelv applied by the engineer 
in any district in which he is engaged. 

Area, levels, and main rainfallhemg ascertained, 
the nature of the soil furnishes the next grand 
division of the subject Soils, in principle, are 
either impervious, pervious, or partially pjervioiis. 
From impervious soils the rainfall escapes in floods 
or torrents. In these formations are also to be fomad 
the great sub-aerial reservoirs of w^er known as 
lakes. 

The question of the greater or len perviability 
of the soil is matter of special study. In principle, 
the pervious strata may be divided into those 
which, owing to their local and phynoal chano* 
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teristioB, absorb rain and yield it again in springs, 
brooks, or rivers, and those which, conveying the 
water they imbibe to a more considerable depth, 
carry it under ground to the sea, thus yielding a 
supply only accessible by wells, perhaps of great 
depth. 

On the eastern coast, the lower carboniferous 
strata, the coal measures, and the magnesian lime- 
stone, tend bo give the character of torrents to the 
rivers of our first district. The Lias, the Oolite, and 
the boulder clay then line the shore, to which the 
cretaceous beds approach near Flamborongh head. 
The Trent and the Ouse drain 4,000 miles of 
permeable, as well as 3,500 of partly permeable, 
strata ; and the hydrography of the district 
affords a sharp contrast to that of the more 
Northern division. The rivers that enter the 
Wash drain a large area of aluvial deposit, 
and are fed from the chalk and the oolite springs, 
as well as hj torrent waters from the lias. The 
Thames derives its head waters from the Oolite 
and the chalk, while the tributaries to its stream, 
in the lower part of its course over the tertiary 
days, are torrential. The cretaceous and Lias beds, 
and tertiary deposits, line the southern coast, as far 
as the constriction between Lyme Begis and 
Bridgewater. Granitic, Cambrian, and Silurian 
rocks, impermeable or only partly permeable, send 
down the swift bright rivers of Cornwall and of part 
of Devonshire ; though the Exe meanders through 
a poicilitic district, resembling that drained by the 
Warwickshire Avon. Severn receives contributions 
from almost every geological system ; and having 
cat a deep narrow channel in the broad rich valley, 
which forms its bed below Worcester, affords an 
example, rare in England, of an annually enriching, 
and usually harmless, natural inundation. Qre&t 
geological variety, on passing west and north of 
the estuary of the Severn, demands careful study. 
From 40 to 75 inches of rainfall rush down the 
slopes of tiie clay slates, trap rocks, and Devonian 
strata of Wales. The Mersey and the Dee drain a 
district not unlike that which is watered by the 
Trent; and north of the Bibble we again touch the 
torrential district of the lakes. 

From this glance at the different physical con- 
ditions of the main outfall provinces of England, 
it will at once become apparent that any sugges- 
tions as to the further subdivision of the country 
into water supply districts, must, until the hydro- 
graphic survey is complete, either be brief and 
general, or partake of the nature of a treatise on 
hydrauHo engineering. As tiie Society of Arts 
inserts, not volumes, but suggestions, the remarks 
which follow must be somewhat concise. 

It will scarcely be disputed that, if an engineer 

be called on to advise on the water supply of anv 

locality, his first duty will be to provide himself, 

as far as possible, with preciselv that information 

which would be furnished by uie general survey, 

if complete. Each loofdity must be regarded as 

forming an integral portion of the natural outfall 

district in which it is situated. Then the engineer 

will have to ascertain the area, as well as 

the physical, geological, and meteorological 

particulars, of the whole portion of the vicmity 

that lies between tiie locality he has to take 

ui hand and the watershed of the basin. He will 

no less have to asoertoui the natural capacities 

of the rivers, or o&er means of drainage, that will 



remove the water when supplied. It wiU be 
needful, in the first place, to ascertain the popula- 
tion of the district, and the probable increase, for 
at least, 30 years. The rough rules of 50 tons of 
water per annum for each unit of the population, 
and of 100 tons of water for every inch of rainfall, 
will give a first approximation between supply and 
demand. The annual rainfall, the annual evapora- 
tion, and the absorbent or non-absorbent character 
of the soil over the area on which the locality can 
naturally draw for supply, must be ascertained. 
Due care must be taken not to rob the gathering 
grounds of other towns or villages. The trans- 
gression of the natural watershed of a district is — 
unless there be special ground for exceptions — 
scrupulously to be avoided, both on the ground of 
cost, and on that of the propriety of allowing each 
the guidance of nature in the supply of its own 
district to follow need. 

When such general observations have been made, 
the special character of the district will require 
study. Thus, in a mountainous country, of 
imper?ious strata, natural or artificial lakes may 
form the most efficient means of supply. In more 
permeable soils the natural resources of springs or 
brooks may be utilised ; or enough water may be 
procured (as in the case of the East Kent Water 
Company; from deep wells. In impervious soils 
the water will generally have to be led from some 
distance, or procured from deeper wells than is 
requisitiO on permeable soil ; as in the case of 
penetrating the Lias into the abundant water-bear- 
ing strata found to underlie it. In cases where 
the subterranean supply is derived from the chinks 
or crevices which occur in the lower chalk, the 
greatest care must be taken lest sewaffe pollution 
damage the supply. No less care will have to be 
exerted as to springs, brooks, and rivers, whether 
in the upper or lower portion of their course, with 
reference to the country which it is proposed to 
water and to drain. The aim of the engineer will 
always be to take his supply, if practicable, on such 
a level as to allow of constant service by the action 
of gravitation; and even if pumping be in the 
first instance necessary, the position of the reser- 
voirs should be fixed at suoh a height as to ensure 
that this mode of supply should not be neglected. 
Questions of economy as to position of reservoirs, 
length of pipes and culverts, cost of pumping, and 
other details of distribution, will require spedal 
treatment in any case. The chief mles will oe to 
ascertain the natural source of supply, to utilise it 
with due regard to all claimants, and so to balance 
the question of head and of lift, as to ensure the 
truest economy, combined with the greatest certi- 
tude of efficient supply. 

By this careful troatment of any given locality 
in England, with due regard to its position, in any 
of our outfall districts, the speciar survey for in* 
dividual cases may be so carried out as to form 
dataf orco-ordination hereafterin the general hydro- 
graphic survey. It is by this method alone that, 
Sending the completion of the national work, in- 
ividu^ improvements can be effected without in- 
curring the risk of being hereafter found impedi- 
ments to the general improvement of the district 
in which they occur. An ill-arranged local water 
supply, that should rob a more important dis^ 
triot of its natural sources, that should inter- 
fere vrith the dniiaAge of a yaUey> that ahonld 
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waste sorfooe or sabtemmean stores, or that ahould 
poison iirers or land waters below llie area, would 
oeoome a dangerons nuisance, and ultimately a 
great source of expense. 

The town of (huldford may be cited as an illus- 
tration of the truth of the above remarks. 

Guildford is situated at the spot where the Biver 
Wey finds a passage through the long rampart of 
duuk that extends across Suirey in an easterly and 
westerly direction. Fart of the town is situated on 
the duuk, along the axis of the downs, and part 
along the valley of the Wey. Both parts of the 
town were formerlv well supplied with water from 
weUs sunk in the chalk, and in the alluvium of the 
valley ; and the Wey brought a copious supply of 
ftesh water to the very doors of the lowlyingnouses. 
Ghiildf<»rd, however, is not sewered. With the 
increase of the population, the wells became pol- 
luted by sewage matter. In the lower chalk the 
water makes ito passage through chinks, and the 
sewage does the same, without oxidation. Typhoid 
lever became more and more prevalent, imtiL some 
Tears ago the matter was thoroughly taken in 
hand. A well was sunk, for 30 feet below the 
level of the river, into the water-bearing stratum 
of the Folkestone beds ; and a copious supply of 
TNure water was pumped up to a reservoir on the 
nilU The town is now supplied with the most un- 
eKceptionable watw, and has become perfectly 
healtiiT. 

In uus case it is dear that, while a thorough 
loeal knowledge was necessary, as pointing out 
the dangerous state to which the water-supply, on 
which the town had subsisted since the time of 
JUIredf had been brought by the growth of populiEi- 
tiony the scientific knowledge of the position of the 
looality in the linuts of the Thames watershed 
basfai pointed out the remedy. The watershed above 
Gmldfocd covers an area of 230 miles. It was 
observed, during the progress of the Ordnance 
Swey, that not more than two-fifths of the rain- 
fall over this area ran under the bridge at Quild- 
f ord. A larse proportion of the rain permeates the 
Folkestone oeas, composed of ferruginous sands, 
whidi attain a thickness of 160 feet at Godalming, 
four miles above Ghiildford, and form a persistent 
steatna beneath the Oault. The body of water 
wbioh thus flows towards the Thames is probably 
asTSsted and diverted seaward, bv the palsBOzoio 
^^K^iftl whidi has been recently discovered. An 
ample supply for the south of London is neglected ; 
fa«t its source has been taken advantage of at 
Qnildlord with the best rissults. One example may 
ba enough to show the application of the pnndples, 
ae to the troth and range of whidi it is submitted 
that there is no longer room for doubt or dd>ate. 



THE WATBB SUPPLY OF BUBAL 
DISTRICTS. 

By W. K. IVhsslsr, X.lBst.C.X., 
Botton, linoolniliii'B. 

By the amended Sanitary Act of last Session, 
which came into existence a few months since, it has 
baooue the duty of the Bund Sanitary Authorities 
oi thkoovatry to secure to every cottage and house 
A mpply of whdesome water, provi<&d that siwh 
can ba Bupplied at a reasoaahle cost. The 
fluA ogrthoAol is m ioaiwhldi shall 




not entail a sreater weddy charge than 2d. for 
eadi house, blowing interost at the rate of 5 
per cent, ^s represents a capital ootl&y of 
£8 138. 4d. 

In rural districts, where the houses are acaiteredf 
an organised system of supply from one general 
source, sudi as prevails in towns, is often imprac- 
ticable at any reasonable cost, and, even where 
practicable for the supply of houses aggregated in 
a village, the unfairness of taxing a whole i»rish 
for one particular portion, and odling ttj^on per- 
sons to contribute towards works from wmoh th^ 
derive no benefit, is so inequitable as to xoake sack 
detached local supplies often impolitic If other 
means can be proidded. It Is the purpoae of this 
paper to diow that it is c^uite possible to supply 
every cottage and house m the rural districts of 
this country, however isolated, with a suffident 
quantity of wholesome water, at a cost not exoeed- 
mg the limit laid down in the Act, and also, by 
examples of works already executed, to direct 
attention to the simplest and most e£EectiTe way of 
carrying out, not only the provisions of this Act 
for tiie supxdy of water for domestic use, bat also 
for agricultural purposes generally. 

QjjMxmxY BsooiBtf). 

The mi«i^«"^ quantity that is suffident for the 
supply of a cottage or small farm-house, for all 
ordinary domestic purposes, may be taken at 13] 
gallons per day, allowing 5^ persons as the average 
number to a house, and 2^ gallons for each person. 
This, of course, gives no margin for water-doaets, 
baths, or other dmilckr luxuries, whidi bdong only 
to a larger class of dwelling. This quantity may 
appear small ; but, having made extendve inmmries 
amongst cottagers and others, I found sumdent 
evidence to satisfy myself that it was the full 
quantity that was used when the water had to be 
baJed or pumped from a tank, and not left to ran 
to waste from a tap. Mr. Easton, the eminent 
water engineer, in his evidence before the Sdeot 
Committee on the Public Health Act Amendment 
of 1878, stated that, as the result of his experience 
and inquiries amongst cottages in Sussex, he was 
satisfied that this quantity was suffident. CoL 
Cox put the quantity at three gallons a day, and 
the other witnesses agreed with the estimates of 
Mr. Easton and Col. Cox, some even putting it at 
less. In the sixth report of the Bivers Pountion 
Commisdoners is given an instance of four cottages 
provided with a tonk, in which the rain vrater was 
collected from the roofs, one of the inhabitants 
being a laimdress, who used a large quantity of 
water, and another feeding a number of pigs. 
The size of this tank was buely sufficient to give 
10 gallons a day to each cottage, yet it is stated 
that it had never failed to maintain a suffident 
supply. 

The large quantity used in towns, varying from 
20 to 30 gallons a head, is due ps^ly to manu- 
factories, street watering, and flodiing seweis, 
but principally to waste. This is proved by the 
fact that towns supplied by meter do not average 
more than seven gallonB a head, and by the test 
applied to aevenl streets in Brighton, where it was 
found that the supply did not average mote than 
4| gallons a head, although the anmber of per* 
sons to a house would be above tJie averaget and 
watev-eloseli aad b«lhs be f^eslj used. 
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Bain Water Supply. 
The ainiplest means of supply is by collecting the 
rain as it falls from the heayens, and storing it in 
tanks. 

The doubt which was for a time cast upon the 
wholesomeness of this source of supply oy the 
Bivers Pollution Commissioners, by the statement 
in their sixth report, that rain *' is in reality water 
which has washed a more or less dirty atmosphere, 
and is laden with mineral and excrementious 
dust, symotic germs, and the products of animal 
and yegetable decay and putrefaction" has, I 
think, been now sufficiently dispelled, and the 
above statement considered to be only a fanciful 
eShit of imagination in which not one of the scien- 
tific witnesses examined by the Select Oommittee 
of last year agreed. Mr. Kawlinson, in reply to a 
question on the subject, said that ''he did not 
belieye one word of it," and that ** if only one- 
tenth part of what is said about water happened 
to be ^ae, his only sniprise was that a human oeing 
lived on the face of the earth." Certainly, as far 
as the Fen districts, with which I have an inti- 
mate knowledge, are concerned, if rain water 
oontaioa the symotic germs and other impurities 
mentioned above, these must be much more whole- 
some drink than they are generally supposed to 
be, for there scarcely any other water is used. 

With regard to the impurity of rain water, Dr. 
Ballard remarked, in his evidence before the same 
oommittee, that although some simple system of 
filtration might be desirable, he did not consider 
any enactment on the subject necessary, as in 
ooDntry districts the only chance of pollution 
of rain water from the roofs would be the 
excrement of birds and dead leaves blown in the 
gutter, and that the amount of this would be so 
trifling as not to produce any mischief ; with this 
Mr. Easton agreed. Sir Harcourt Johnson also 
stated that in Yorkshire he had employed rain 
water tanks, with great success, for the supply of 
the cottages, and in no instance had there men a 
fsiluTe of a tank; that he had drunk the water out 
of these cemented tanks, and found it exceedingly 
good, and in summer remarkably cool. Mr. 
Clatton ako spoke as to the general and satisfactory 
Qse of tanks for the cottages on the estates for 
which his firm acted. Soot from the chimneys 
is by some persons added to the list of impurities, 
but although this may give the peculiarly flat taste 
which unfiltered rain water has, yet, being nothing 
birt carbon, it may fairly be considered as a puri- 
fying agent, to rectify any harm that may be likely 
to arise from the leaves and excrement. Simple 
waticn through charcoal and sand, immediately 
hefore use, entirely removes this fiat taste, and 
^Akes the water bright and sparkling. If the 
fiUer be so constructed that the charcoiu, when not 
^^itiially filtering the water, is exposed to the air, 
rt win remain serviceable for a considerable time. 
To keep the water sweet, provision should always 
he made for the admission of air into the tank in 
'vhich it is stored, but, to prevent the growth of 
^^Jptation, it is necessary to exclude the l^ht. 

Granting that 2J gallons per head is enough for 
vltiie ordmary domestic requirements of a cottage, 
■™«aat rain falls on the roof of every house in 

I r?,®^*'*"® of a year, if properly stored, to yield a 
ftiUgup^. 

^ Qotlsge wi& its outbuildxngs ootbib about 



500 square feet of ground. Taking the rainfall at 
22 incnes per annum, the quantity that may be 
relied on as an average in the driest districts of the 
country, a slated roof will yield 5,700 gallons, 
equal to a daily supply of 15^ gallons, or rather 
more than 2| gallons per head. Tiled roofs would 
yield less than this, being more porous than slates. 
Thatched roofs may be considered as altogether 
unsuitable for the collection of rain water, from 
their absorbent nature, the difficulty of providing 
spouting, and the chance of pollution from the 
organic matter in the decaying straw. 

The rainfall being distributed over the whole of 
the year, the storage tank is constantly beins^ re- 
plenished. With rainfall collected from land, Urge 
provision has to be made for periods of drou^t 
and for the decrease in the supply during the 
summer months, owing to the great amount of 
evaporation from the dried-up surface of the 
ground, and the water absorbed by the growing 
vegetation. With the sup^y from roofs, the cir- 
cumstances are different. On an average of years, 
the heaviest rainfalls will be found to occur during 
the summer months from thunder-storms, nearly 
the whole of which will be stored. Having care- 
fully calculated the daily demand as against the 
supply from the rainfall for the east of Bngland, 
I found that the tanks ought to be large enough to 
hold 78 days supply, and having constructed a 
great number based on this calculation, experience 
has proved its correctness. 

Assuming the available rainfall to be 22 inches^ 
and allowing for storage for 78 days' supply, 
the proportion of tank room to roof should be 2^ 
gallons for every square foot of ground covered 
for cottages, or rather less for farmsteads and large 
buildings. Thus, a tank for a cottage covering 
500 square feet would require to be 6 ft. 6 in. in 
diameter and 6 ft. deep up to the springing of the 
dome, and hold 1,200 gaUons ; but, in all cases, it 
is better to allow a greater capacity than is actually 
required, to prevent the pipe from the pump going 
too near the bottom, or tne settlement being stirred 
up by the bucket or bailor. The best form for 
small tanks is circular, as being the stron^st, and 
giving the greatest capacity for its outhne, and, 
therefore, cheapest. For larger tanks, the form 
should be oblon^^, with circular ends, or, at least, 
the interior angles filled up. The ordinary method 
of construction is with brickwork, rendered with a 
coating of cement inside, domed over, and finished 
with a stone and iron lid let into a rebate, tha 
water being obtained by a small iron bucket 
fastened on the end of a pole. For cottages, thia 
is simpler and less expensive than a pump — ^which 
frequently requires repairs — ^and is less wasteful of 
the water. When the soil is porous, the tank may 
require puddHng round with clay. When bricks 
are not easily procurable, or when several tanks 
have to be made, concrete, mixed with ForUand 
cement, forms a better and more trustworthy 
material than brickwork. Mr. Clutton iaformed 
the Committee of last Session that he was now 
using concrete for aU the cottages built on the 
estates under his management. 

Taking the ordinary average price of materials 
and labour in the country — ana there is not any 
great difference now between one place ana 
another — a brick tank» properlv cemented, domed 
over, and finished with mMihole and oovoTi magr 
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be estimated to cost at the rate of l^d. per gallon. 
Larger tanks may be reckoned at Id. per gallon, 
and hence there is economy in making one tank 
for the supply of two, or even three cottages. At 
this rate, the cost qf the water supply for an 
ordinary cottage would be £6 58., well within the 
limit laid down by the Sanitary Act. 

Churches and schools might be made valuable 
aids in supplementing a village supply. The tanks 
for receiving this would not necessarily be con- 
structed in the churchyard, but could be placed near 
to a group of houses, the water being conveyed to 
it from the roof spouts by iron pipes. An ordi- 
nary village church covers about 7,000 square feet, 
and the sdiools 1,000 more; these together would 
yield over 90,000 gallons a-year, sumdent for 16 
cottages. 

The Baroness Burdett Coutts has, in a village on 
her property in Wiltshire, had a tank constructed to 
take the water from the church, and it was foimd 
that as many as 120 buckets of water were counted 
as being fetched in one day — the villagers esteem- 
ing the work as one of the greatest acts of kindness 
that could have been done for them. 

Sttpplebs fob Agsigultubal Pubposes. 

Bevond the ordinary requirements for domestic 
use, farmsteads require a considerable quantity of 
water for the stock in the yards, for threshing and 
other purposes, but the roofs of the cattle sheds, 
bams^ stables, and other buildings, are capacious 
enough to collect a sufficient supply. It is very 
rarely that new buildings are erected without 
proper provision being made for collecting the 
water from the roofs, and on all well-managed 
estates the old buildings are now spouted. For- 
merly, no doubt, it was the practice to allow all 
the rain to drip from the roofs on to the ground, 
not only to the detriment of the brick wuls, but 
also soaking the ground and making the yards wet 
and cold; thus, while the availame supply was 
wasted, in summer water had to be fetched in 
carts for the stock from a very considerable dis- 
tance, an instance being given of a case in the 
east of England when there was no fresh water 
available within 15 miles. 

Taking a typical case of a homestead for a farm 
of 100 acres of mixed land. The minimum require- 
ments would be about 30 gallons a day for the 
house, 50 gallons for the stables and cow-sheds, 
&c., together 29,200 gallons in a year. To this 
must be added about 20,000 gallons more for 
threshing, and watering the stock in winter, or a 
total of 49,200 gallons. The roof of the farmhouse 
would cover alK>ut 1,000 square feet, and with 22 
inches of rainfall yield 11,419 gallons, or a little 
more than 31 gallons a day. The farm buildings 
and sheds would cover about 3,500 square feet, and 
collect 30,965 gallons, equal to a supply of 110 
gallons a dav. 

The supply for stock in the fields during the 
summer months is equally a matter deserving con- 
sideration. On Uie high lands on tiie OoUte or 
other absorbent formations when laid down as per- 
manent pasture, or if arable land, during the time 
they are ux seeds, water must be provided for the 
sheep and cattle to drink. This is generally done 
by smkin^ deejp wells and pumping the water up, 
or by carting it. A little calonlation woidd show 



that it would be far more economical togsiHieraiid 
store the rainfall in brick tanks. 

On the downs and high chalk lands provision is 
often made by constructing what have hitherto 
been termed '* dew ponds," from an idea that they 
collected the dew, but really these ponds are 
nothing more than collecting grounds and receiv- 
ing tanks. They are made with exceedingly flat 
8lox>es, terminating in an almost conical bottom, 
are puddled with clay and chopped straw, and thus 
made impervious to the rain wmch, falling on the 
sides, is collected in the bottom, the soznmer 
showers yielding a quantity sufficient to replace 
the loss by evaporation, leaving the winter store 
for use. In one of these ponds in BetlEshire, 
where observations were made by Mr. Slade, G.E., 
and published in a very interesting pampIJet. it 
was found that taking the period from the begin- 
ning of June to the end of September, a iaH of 
11| inches of rain on the surface of the pond, 6^ 
feet in diameter, yielded 23,043 gallons, which, as 
nearly as possible, balanced the quantity lost by 
evaporation ; the supply for drinkmg of the aheep^ 
which only amoimted to 6,203 gallons, being ob- 
tained from the rain stoied during the wmier. 
A very wasteful way for providing and fltoring 
water. The cost of consirncting the pond was 
£40. A brick tank of sufficient capacity to yield a 
similar supply would only have cost £12. A col- 
lecting ground 26^ feet in diamet^, made in a 
dished form, and covered either with cement, con- 
crete, or asphalte made with tar and gravd, would 
cost from £3 to £5 more, and yield sufficient rain- 
fall to fill the tank. Thus, while the cost would 
only be three-eighths that of the pond, the area of 
the ground occupied would be about one-stsih. If 
the collecting ground assumed the form of a shed, 
which woula aJso answer the purpose of sheltsring 
the stock from the sun, the total cost of shed 
and tank would not be more than that of the pond. 

A tank placed in a comer where four fields meet 
would serve not only for drinking purposes, bat 
also for supplying the engine during the prooeas of 
steam cultivation. The constantly increasing nss 
of steam power in cultivating the land randen a 
ready supply of water a necessity to the eoonomieal 
working of this agent. Every acre of land that is 
cultivated by steam requires from 100 to 1 25 gillaDS 
of water in addition to that used for driving the 
thrashing machine, which may be put at ftom 50 to 
60 gallons per acre. Hence a further neoeasity ol 
storinp^ water and providing reservoirs readfly 
accessible to the fields requiring cnltivattoii. On 
impermeable soils storage can be accomplished by 
sinking ordinary ponds, at considerably less expense 
than making tanks. Messrs. Howard, the wdl* 
known makers of cultivating machinery, have an 
their farm in Bedfordshire so designed the drainage 
that it supplies a tank or pond at every site oooa* 
pied by the engine during the tillage of the whois 
of the estate, and at the homestead a reservoir has 
been excavated in the day which holds half a 
million gallons of water. 

In districts where water is plentiful, the supply 
for agricultural pui|K>6es may probably be more 
advantageously oistributed b^ a system of pipes 
covering the whole country. Sir Hs^roonrt Johnson, 
in his evidence before the Committee, stated that 
on the estates with which he was eonosmed in 
Yorkshire, on some of the large laimi tha watar 
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was raiaed by rams and oonyeyed to every single 
pasture field, and the water itself carried into the 
honses and laid on in the back kitchen of every 
cottaffe of a whole parish. On one fazm, the 
rental of which was £380 a year, the water was 
I laid on to the farm premises, and to every pasture 
field with troughs and baU cocks, at an expense of 
£336, the farmer considering it such a boon to him 
to have the water at all times in the summer with- 
out the necessity of conveying it by means of 
horses and carts, and barrels, that he wfiUingly paid 
five per cent, on the outlay in addition to tiie rent 
of the farm. On another estate, £480 was expended 
in putting down a ram and laying two miles of 
pipes communicating with the yards, houses, 
cottages, and pasture fields, on every farm. 

Supplies fbom Gathebixo Grounds. 

Where several houses are aggregated together in 
& village, some of which would be occupied by 
persons requiring a larger supply than is sufficient 
for cottages, a more organised system would be 
required and could be carried out more eco- 
nomically than by a number of separate rain- 
water tanks. "Where no natural springs or 
similar sources of supply are available, col- 
lecting grounds and storage reservoirs must be 
resorted to. Sp^Jdng generallv, every acre of 
drained land in this country may oe taken to yield 
about 45,000 gallons, allowing onlytwo inches to 
he stored out of tiie total rainfall. The proportion 
of population in the rural districts to acreage 
allows about 1*64 acres to every person, so that 
&e supply is far in excess of the demand. For 
the supply of a small village, with mansion, 
vicarage, garden, stables, farmsteads, and cottages, 
a gathering ground of from 50 to 100 acres would 
he ample, and a reservoir 7 feet deep and 150 feet 
square contain two millions of gallons, sufficient 
for a daOy supply for six months. The lakes and 
fish-ponds to be found in the grounds attached to 
almost all large mansions afford at once ready- 
made reservoirs, with a full available supply, if 
arrangements be provided for filterinjp^ the water. 
It is moxid than probable that many ox these Jakes 
and fish-ponds were originally devised by the 
abbots and monks belonging to the monastic 
institutions, who, in all such matters, showed a 
praotical skill and forethought that has been too 
little imitated by those who succeeded them. 

In flat aUuvial districts, where the water in the 
oatfaQ ditches is so near the surface of the land, 
as not to afford sufficient depth for the purification 
of the rainfall from the manure and other organic 
matter with which it would come in contact, and 
slso on peat^ soils, and in other similar cases 
where no smtable natural collecting grounds can 
be obl^ed, the difficulty may be overcome by con- 
Btracting artificial collecting areas covered either 
with slates, concrete, asphalte, or other imper- 
meable surfaces. The extent of these would, of 
course, be regulated by the rainfall of the district, 
nearly the whole of which might be relied upon. 
^. Easton has lately constructed at Ashton 
^^Wt, in Somersetshire, a catchment area of 
concrete, covered with cement, half an acre in 
^tent, with a tank for the supply of the mansion. 
His calculation is, that three-K)urths of the rain- 
« fall wiU be stored, and that this ground will yield 
a supply of 500 gallons a day. When collecting 



grounds of this character are used, the size of the 
storage tanks will, of course, be verv considerably 
reduced. As there would be no absorption, the 
rainfall of the summer months would he equally 
available with that which faUs during the rest of 
the year, and the consequent decrease in the cost 
of the tank would go a long way to pay for the 
expense of the construction of the gathering 
ground. 

Wells. 

The supply from wells, notwithstanding the 
fact tiiat this source was considered by the Bivers 
Pollutions Commissioners as the most desirable, 
is not suited to the requirements of a rural popula- 
tion, when otiier sources are available. Shallow 
wells, whatever precautions may be taken, are 
always liable to the risk of contamination from 
sewage percolation. The water of deep wells is 
frequently hard, and unsuited for washing, for 
making beer, or tea, or similar domestic purposes. 
When this is the case, cottagers will always 
be found to avail themselves of a supply from 
a neighbouring brook or pond, even although 
it may be considerably polluted. The labour also 
of lifting water from a deep well will oause 
them to give the preference to the more easy 
means of supply. As an instance of this, it is 
stated that the inhabitants of the villages in 
OxfordflJiire, where the water is obtained from 
deep wells in the chalk, rather than be at the 
trouble of undergoing the slow and laborious 
process of lifting it by hand, prefer taking their 
drinking water from the surface ponds, in which 
road drainage ooUepts during rainy weather, and 
whence they can di]p it with httle labour. 

Bpbinos. 

In many localities there are springs within a 
moderate distance of a village, and at sufficient 
elevation to allow of the water being conveyed to 
the houses by gravitation. All that is required in 
this case is a small collecting tank at the head of 
the spring, iron pipes for conveying the water, and 
stand-pipeB near Uie cottages. Numerous instoncei 
could be quoted where simple works of this de- 
scription have been carried out either by private 
enterprise or by Bural Sanitliry Authorities, the 
cost varying witii the distance tne water has to be 
brought, and the number of houses supplied. A 
typical caso is given in the report of the Committee 
already referred to, of a supj^y for a village of 20 
cottages with some better class houses, as rectory, 
farm houses, &o, ; the spring being a quarter 
of a mile distant, the tank made to hold 
1,200 gallons, the pipes of oast iron H inches in 
diameter, the water supplied to the cottages bv 
stand-pipes with keys, and to the other houses with 
half -inch galvanised iron pipes, the total cost £75. 
The interest on this at £6 per cent., and allowing 
for repairs, would make the charge one penny per 
week, to the cottagers, and four pence per we«k to 
the four other houses. 

This is the simplest form of supply, where no 
easement has to be paid for the water, andthespring 
within a short distance. Taking the number of 
inhabitants at 120, the cost is only twelve shillings 
and sixpence per head. The average, however, may 
be taken at from £l per head, or £5 10s. per 
house, under favourable circumstances, up to £3 

F 
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w Iseftd, where water has to be paid for and 
ItfM, or broaght from a "^ery coniiderable distance. 

]^8iNa Wateb by Mechanical M£akb. 

Wbere the source of supply is below tbe level of 
the Tillage to be supplied, it is necessary to resort 
tio mechanioal means to raise tbe water. When 
there is an abundant supply, this is most economi- 
oally done by means of a ram, but where the 

S[uantity is large a water-wheel and pump are 
ound more efficient. The cost of a supply with a 
ram will depend on the quantity required and 
the length of piping. Mr. Hett, of Brigg, 
has furnished me with particulars of rams 
fixed by him for the supply of houses, and 
gardens, varying from £92 lOs., with a lift of 200 
feet and 1,800 feet of piping, and yielding 1,440 
gallons in 24 hours, to £26 for 273 feet of piping, 
and 1,700 gallons. As rams force up a portion of 
tbe same water which actuates them, they are only 
suitable for use where the water is pure. Water- 
wheels, on the other hand, can be worked with 
any water that is available. Mr. Goslin (of the 
firm of Messrs. Warner ft Co.) has furnished me 
wi^ an instance of a water-wheel working treble- 
barrrt pumps, for the supply of pure water, for a 
mansion, homestead, gardens, stables, &c., the 
motive power being sewage; and in another case 
where ine water is taken from the lake and duck 
pond, to pump the pure water from a well. Of 
the wheels ana pumps fixed by Mr. Hett, the cost 
varied from £76, for supplying 1,700 gallons a day 
through 1,200 feet of inch pipes, with 90 feet lift ; 
the fall for working the wheel being 5 feet^ to 
£133, for supplying 1,200 gallons through 1,600 
feet of piping, witii 165 feet Hft. Mr. Glutton 
stated that the cost of fixing water-wheels eight 
feet in diameter, in the neighbourhood of the 
Ootswold Hills, for the supply of farm premises 
and cottages, was from £50 to £70. 

In lev«I districts, where no fall of water can be 
obtained, other meatus must be resorted to, and no 
more economical power can be used than wind. 
As nature has so admirably adapted her supplies of 
water to our wants in the case of the rainfall, 
so there is provided in the water or the wind 
a ready sod effective power for lifting it 
up out of the underground storage reservoirs, 
the ingenuity of man only being required to Apply 
the force in the most economical manner. Wmd 
eng^es were formerly much used in the Pens for 
pumping the water off the land, but have now 
very generally been superseded by steam. Some 
few mills stm, however, remain. They may fre- 
quently be found in this country in brick yards for 
pumping the water out of the pits, and are coming 
much into use for farm work. In America and the 
Oolonies they are much more generally used than 
in Bngland, many of the stations on the long lines 
of ndlwav depending entirely on them for their 
supply of water ; the irrigating channels on the 
rice fields being fed by the same means. A wind 
engine wastes no water, reouires no ftiel, and is 
economical in working ; but as the wind cannot 
always be depended on, it must either be supple- 
mented by horse or other power, or storage equal 
to at least a week's consumption provided. Mr. 
S. B. Qoslin has furnished me wiUi examples of 
several kinds ereotei by his firm. At Earfswood 
Asylum the water for tbe supply of 600 inmates 



has been raised by a wind engine erectrf 
several years ago. At St. John's Foundation 
Schools, near Leatherhead, the water is raised fron 
a deep well to cisterns in the roof fortiie supply of 
160 persons. A wind engine of their makeabo 
pumps the water from a well 200 feet deep for the 
supply of about 40 houses, cottages, and a mansdon, 
at a cost, including pipes, of £263. At Portiahead 
they also erected a wind engine and pumps for tb« 
supply ofthevillage. Numerous other instancescould 
be quoted, and it may be added that, at Margate, 
Faversham, Bridlington, and oth^ places, wind- 
mills are used to pump a portion of the water 
supply, thus saving a considerable amount of fud. 
I may also state wiat Messrs. Warner have latdr 
erected, under my direction, a wind^ engine, for 
pumping sewage from a village for irrigation, and 
that Messrs. Hett are supplying a eimilar machine, 
supplemented by horse gear, for the eewera^ 
works of a small town. The coat of both thf« 
engines, including pumps and fixing, was ahout 
the same, £100. 

The use of the steam eng^e for tbe 'purpose of 
lifting water has not been dealt with, as hea^ 
beyond the scope of the small class of works treatw 
of in this paper ; not so much from the first eort 
of the engines, which might not be more than 
those worked by either water or wind, but on 
account of the cost of attendance and maintentuf*. 
Wind and water are both self-acting, and requii* 
little attendance and no fuel, whereas stoam rnpniw 
require continual supervision and feeding ; an'i 
this, together with the fuel and repairs, make tbe 
charges of maintenance so gfreat as to preclade it* 
use for small works, unless the engine be used for 
other purposes. • 

Means by which Works can bb Pbovidh) 
▲NO OosT Dbf&athd. 

The duty of providing the supply and the neec^ 
sary machinery must devolve either on the ownfn 
of the property or the Rural Sanitary Authoritv. A 
third course is where several owners have joinM 
together and formed themselves into a companT. 
under the Limited Liability Act. In the first and U<t 
case the works may be so carried out as to be remu- 
nerative. By the power of the Lands Improvemeat 
Act, of 1877, facilities are given to land owners of 
limited interest, with the consent of the Endoaorf 
Commissioners, to borrow money and'charge their 
estates with its repayment over a number of y«" 
for the construction of works neoeesary for witff 
supply for their own estates or for villages. .AJjo 
imder the Enclosure Aote power is given to proriii^ 
for the supply of water. Thus, in the endosure of 
Coaley Common, works were carried out, oousistiop 
of a receiving tank to collect the water f rom » 
spring, and xnpes laid to take the water to the ^* 
lage, with stand-pix)es for ite distribution, the oo«t. 
£750, being defrayed by a rate levied on the per- 
sons claiming under the enclosure of the Coamon. 

The following may be quoted as some atnon^ 
many where landowners have themselves exccutoi 
the works. In the evidence given before the Com- 
mittee on River Conservancy, will be found a d^- 
cription of the works executed by Mr. McTnik for 
the supply of a village of 800 people, by hjio^ 
down three mOes of iron pipes connected with » 
reservoir, supplied by a spring, at a cost of £l.0<^' 
One hundred and twenty tenants used this water. 
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the charge varying from five ahiUings a year for a 
cottage to twenty shillings for a faraihouse. The 
total rental was £70, which was sufficient to pay 
£▼6 per oent. on the outiay and provide for a 
dnking^ f nnd. 

The Pnnoe of Wales, at Sandringham, has pro- 
vided a complete system of supply for the house 
aad the cottages on the estate. The water is con- 
veyed from a spring, rising out of the ohaUc, through 

750 yards of nine-inch earthenware pipes to the 
pnmping station, where it is forced to a tank at 
the top of a tower 60 feet high, situate about a 
mile from the house. By this means ample 
pressure haa been provided for the discharge of 
water over the house in case of fire. 

The Duke of Bedford, at Thomey, has had works 
constructed for a complete water supply for the 
village, including the erection of an engine- 
house, with two 25 horse-power engines, tanks 
for holding 10,000 gallons of water, filtering beds, 
and other works. The eogines are used sJso for 
pTunping sev^age for irrigation and other pur- 
poses. At Tavistock also, the Duke of Bedford has 
conatracted reservoirs for collecting the spring 
water, and suppljring it on the constant system to 

751 houses at a cost of £700. The rate charged is 
2} per cent, on the rateable value of the bouses. 

On Lord Brownlow's estate, at Ashridge, a 28 
horse-power engine, working three throw pumps, 
drawing water from a well in the chalk 255 feet 
deep, has been erected under the direction of Mr. 
Ea8ton, C.E., for the supply of the mansion and 
farms, and Villages adjacent. The total cost of 
these works was over £11,000, and the average 
amount of cost for repairs, attoidanoe, ftc, £430 
a year. 

The urban district of BakeweU, in Derbyshire, 
with 2,283 inhabitants, is supplied by water from 
works erected by the Dlike ox Kutland. Dunkeld, 
having 783 inhabitants, is supplied by pipes, bring- 
ing water from a bum in tne hills, uiree miles 
away, laid down at the expense of the Duke of Athole. 

Several instances of works carried out bv the 
Rural Sanitary Authorities, for the supply of 
Plages, will be found in the appendrc to Uie re- 
port of the Select Committee of .^878, the cost 
being charged on the rates of the whole of each 
parish. 

Where several owners are interested in provid- 
ing the supply, the difficulty has been overcome by 
making use of the powers of the Limited Liability 
Act. Instances of this are given by Sir Haroourt 
Johnstone, as carried out on estates in which he is 
interested in Yorkshire. One comjumy spent 
£1,040 for the supply of 500 persons, and another 
about £400 for the supply of 270 persons. The 
rental for the use of water is fixed at a sufficient 
rate to pay interest and maintenance of works, and 
averages about one shilling in the pound on the 
rateable value, or from 4s. 6d. to 5s. for a cottage. 

Another case may be taken of Minehead, a snuJl 
*own with a population of 1,800. The total cost 
01 the works was £3,400, or about £1 188. per 
head. Kumerous other similar instances will be 
lound in the appendix to the sixth report of the 
■aivers Pollution Commissioners. This case is 
quoted to show the facility with which the water 
, supply of small localities may be dealt with, where 
there is the desire on the part of the inhabitants to 
"•"ist in carrying out sanitary work. 



Nbgbbsitt for BEaxjLATiNa BiVEBS Aim Madt- 

TAINUKO THE WATER LeTEL. 

Before bringing this paper to a dose, I wish to 
direct attention to a matter in connection with 
water supply which, in my opinion, is of vital im'- 
portance. The disastrous fioods of the last few 
years have raised a cry for improved drainage 
which, if not carefully watched, will lead to the 
drying up of our springs and welLi, and cutting off 
the natural sources of supply. The maintenance 
of the underground water level has been too much 
lost sight, of in this cry for thorough drainage. So 
far as the tidal influence extends,. this will always 
be provided for. The inflowing volume of tidal 
water running up a river twice every .24 hours has 
a most powenul effect in checking the flow of the 
underground currents and consequent exhaustion 
of the storage reservoirs. The hydrostatic power 
of the high tide in fact drives the water in these 
subterranean channels back, so that there xnaj be 
said to be a corresponding rise and fall of 
the underground streieuna coincident with that 
in the sea and tidal rivers. This inflaenoe 
extends for a considerable distance in land. 
In the great alluvial districts on the east coast, 
the 8ul«oil of which consists of silt, a porous 
soil, through which water can easily flow, the wells 
are affected for several miles inland by the tides, 
the level of the water being higher in spring tides, 
and lower during neaps, so that it is invariably the 
practice to sink wells during neai^ tides. Again* 
on the west of these alluvial plains is a range of 
chalk hills and oolite formation, the water m>m 
which flows underground to the Wash. In the 
northern part of the plain, these streams are tapped 
at about 100 feet below the surface, and the water- 
level in the weUs rises and f^ls with the tides in 
the ocean. The wells sunk along the high land 
known as the Cliff, extending from Grantham to 
Lincoln, which are from 100 to 150 feet deep, are 
affected by the state of the Biver Trent, which is 12 
miles away, the Biver Witbam intervening. The 
water commences to rise in these wells a very short 
time after the flood waters have risen in the Trent. 

Beyond the influence of the tidal current, this 
underground water-level can only be maintained 
by holding up the water in the main streams and 
arterial drains. This can be accomplished either 
by fixed or moveable weirs, the streams thus 
becoming reservoirs, not only advantageous for 
preventing the over draining the water from wells 
and springs, but as providing storeage for the 
supply of houses and farmst^s, for affording 
motive power to machinery, and also for i]:rigating 
the land in the dry season. The immense impetus 
given to all mechanical work by the use of steam, . 
has caused the more simple and natural agents 
of wind and water to be neglected. By one or 
other of these, the whole operation of pumping 
water, grinding meal, cutting chaff, thrashing 
com, and other similar work, could, in many 
cases, be performed at a trifling outiay. The 
flrst cost of conveying water from a stream 
situated at a level above the farmstead by means 
of pipes, to a water wheel or other engine, would 
be less than that required for the purchase of a 
steam-engine, and the working cost afterwards 
wholly in favour of the water power. 

Again, for irrigating and fertilising purposes, 
water is a most valuable a|;entr <^^ ^^^ ^^ 
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little appreciated in tliis country. The large 
crops and high rents commanded by land m 
the Fens is dne in a very great measure to 
the constant supply of water that is maintained 
during the summer in the drains, which 
holding up the water level, affords a. supply 
of moisture to the roots of the growing crops. 
The whole level is intersected by lar^re arterial 
cuts, or drains, the larger being of sufficient siee 
to be navigable by barges ; from these radiate 
small drains, and from these again the ditches 
which form the ' fences and boundaries of the 
fields. The larger drains, where they discharge 
into the tidal stream, are provided with sluices 
with self-acting doors avauable in floods, and 
also draw doors, which are put down directly 
the floods are over, the height bdug so regulated 
as to maintain the water at a fixed level, generally 
about three feet below the surface. The drains 
are^ supplied by feeders from the upland streams, 
which replace the waste from absorption and 
evaporation during simmier. The extent to 
which this takes place may be gathered from 
the fact that in dry years no water at all 
passes out of the Biver Witham during the sum- 
mer months, the doors for holding up the water 
being placed across the river, about eight miles 
above its point of discharge into the estuary. 
During the dry season of 1864, these doors were 
closed for several months, and it was not until the 
month of December that there was any fiow of 
water down the liver to the sea, although the 
Witham has a drainage area of more than eleven 
hundred square miles, and is fed by a large num- 
ber of perennial streams. 

It ma}r be urged that, to hold up the water 
in our rivers and streams g^eneralfy through- 
out the country would be prejudicial to health, 
and be the cause of disease and sickness. 80 
far as the Fens are concerned, the contrary facts 
show the fallacy of any such idea. Previous to the 
enclosure of this tract of country, when water was 
lyin^ stagnant in pools and morasses, and the sun 
acted on the decaying vegetation, fever and ague 
were generally prevalent, since a complete system 
of drainage has been carried out, these diseases 
have entirely disapeared. Malaria is most intense 
immediately after water has left the surface of soil 
charged with decomposing organic matter. Hence 
the evil effects of occasional floods on land lying by 
tliesideof rivers. Intermittent fevers are engendered 
by alternate flooding and drying up of the meadows, 
but not by the constant presence of water. The 
Fen district having become drained and cultivated, 
the periodic inundations have ceased, and the 
organic matter has been assimilated by the con- 
stant process of cultivation, and forms the basis 
of the rich pastures and arable land. The larc^ 
proportion ox ozone in the Fen atmosphere, me 
physique and longevity of the inhabitants, and the 
small proportion of zymotic diseases, all testify to 
the healthiness of the district, and to the fact that 
holding up water in the arterial drains and water 
courses, while decidely beneficial to vegetation, is 
in no way injurious to health. 

The experience gained in the drainage and water 
arrangements of the Fen districts may be usefully 
applied to other parts of the country. Our rivers 
should be made of sufficient capaoi^ to carry off 
floods without damage to the surrounding land. 



and yet have their normal channel s so regokted 
that the diminished quantity of the sucoeedin; 
period of dry weather shall not have to mesnder 
hopelessly through a channel far too large for its 
requirements, ^e water level should also be so 
maintained, that the spring and undergroimd 
reservoirs may be enabled to retain their stores and 
part with them only in such quantities that they 
may last out till replenished by the rain of the nc- 
ceeding year ; thus making the abundance of <m 
season supply the deficiencies of another. It iinot 
drainage or storage only that requires oonnden- 
tion, but both. They are not incompatible, bst 
each may be provided ^oiently by a proper regoU- 
tion of the nvers and water-courses. 



THE WATEB SUPPLY OF LABGE TOWyS. 
By the Bsv. James C. duiterlraok. 

The "Notes on Previous Inquiries on Water 
Supply" invite remarks on the future as on the past 
AU water supply, whether surface or subterianeaDu 
whether naturally issuing from springs, or arti- 
ficially reached bv wells or shafts, is derived from 
rainfall ; henoe the value of the reports issaedbj 
the Meteorological Office, and the records of Mr. 
Symons and others, by which the amount aod 
distribution of rainfall in various districts is deter- 
mined. This natural supply cannot be angmented, 
and must, moreover, be estimated not on the 
average of years, but by a minimum which, year 
by year, is more heavily taxed to meet the vanti 
of an increasing population, whose sanitary require- 
ments require increased quantities, and parv 
qualities to be provided, and this not only ^ 
large towns, but for villages throughottt the 
country. This is the problem which it is the object 
of this Congress to solve. The important ques^ 
of water supply resolves itself into the economicil 
use of quantities more or less ascertained. The 
metropolitan water supply, which from time to thae 
is under discussion, is not only an important but 
an anxious subj ect of inquiry. Within the memoiy 
of men now living, the older parts of London, placed 
on a bed of gravel, resting on the clay, pieited by 
numerous wdls, yielded a large amount of water. 
The sanitary requirements of the iohabitanta bae 
put a stop to the use of this source of sapfply- 
As late as 1834, it is stated in Telford's Beport <m 
the metroDohtan supply, that the Grand Junction. 
West Middlesex, and Chelsea companies die- 
tributcd only 6,810,000 gallons per diem, a 
quantity utterly insignificant as compared with 
the present quanti^ which theae oompsnia 
deliver. 

The gradual depression of the water level in 
artesian or artesioid wells under London, bai 
proved the impossibility of relying on that scarce for 
any increased supply ; and may furnish a wtminf 
against trusting to artesian wells as a pcrennutl 
source from such wells beyond the limits of tb« 
metropolis. The schemes for bringing watfr fron 
the lake districts present difficulties not easily 
overcome. Not to enter into their consideration at 
length, yet, judging from the published reporti, 1 
am not aware that the perennial yield from the« 
sourceshas been duly tested, by gauging theatreams 
for a series of years, which issue from the h^ 
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whence it is proposed to draw the supplies. The 
volume of the Thames, on the other hand, is well 
known, and as it derives the greater portion of its 
water from the chalk formation, almost from its 
source, there is no reason to believe that this, as a 
perennial supply will ever fail, though there is a 
yearly inorefhsed quantity taken by the towns on 
its banks. Though it may seem an insignificant 
quantity ; in case of drought the consumption of 
water by railway, agricultural, and other engines 
is worthy of notice. The difficulties of the water 
question in nearly all lar^e towns is too well known 
to require much to be said. Liverpool has failed to 
obtain a supply from deep wells; Manchester is 
to depend on Thirlmere. Other large towns, having 
exhausted their natural sources of supply, need to 
be warned that no sources are without a limit, and, 
as before stated, all quantities must be calculated 
on a minimum to be ascertained, not by an average 
rainfall, but by careful gauging of the streams 
which issue from the lakes, whidi are counted on 
as perennial reservoirs. The general supply to 
villages and smaller towns present many diffi- 
culties. It will be found that these, especi- 
ally the most ancient, are placed on sites 
where water is, so to speak, at hand. Too often, 
through negligence or ignorance, these sources 
have been polluted and made imfit for use; this 
makes it difficult to find fresh and wholesome sup- 
plies, added to which, those persons apx)ointed as 
sanitary inspectors seldom possess the Knowledge 
necessary to determine questions of subterranean 
water. Though it must needs be attended with 
considerable expense to find duly qualified in- 
spectors, this ought to be done to insure the 
Imowledge of geology and engineering, indis- 
pensable in this matter. That there are many 
sources n^lected which might be made available 
is beyond doubt ; for example, Archdeacon 
Denison, as reported in a letter to the TimeSy 
secured for the village of East Brent, Somerset, a 
pure and abundant supply by intelligent observa- 
tion, and at moderate expense. Other instances have 
come under my observation, but generally speaking 
the utilisation of the sources of water are beyond 
the powers of ordinary persons. A. well qualified 
inspector might supenntend a very large district, 
and, by advice and direction, secure supplies of 
water which had before been overlooked. This 
has frequently come under my own observation. A 
certain amount of geological knowledge is indis- 
pensable in this matter, and till such knowledge is 
duly brought to bear upon it, the question of water 
supply wul not be dufy understood or its difficul- 
ties solved. 



PERVIOUS BOOKS OP ENGLAND AND 

WALES. 

By C. B. Be Banoe, F.e.8., A.1C. Inst., O.B. 

(S. M. Geologioal Sunrejr.) 

In a cooAnunication the Committee did me the 
honour to bring before the Congress last year, I 
gave some statistics as to the extent of the chief 
^logical formations, in 14 groups of river basins, 
^to which I divided the 215 river basins of the 
, Ordnance Survey Catchment Basin Map. 

^oe then I have noade some further investi- 
gations as to the extent of the permeable and im- 



Sermeable strata in each area, and also into the 
istricts which receive underground drainage from 
other basins. 

It will be noted that an important watershed 
crosses England diagonally from north-east to 
south-west, separating the basins of the Severn, 
Trent, &o., on the one side, from those of the 
Thames, east coast streams, Witham and Ouse on 
the other. This line nearly separates all the strata 
up to the top of the T^Las, from the lias upwards. 
Commencing on the chalk strata of the Isle of 
Furbeck, it ranges from Crewkeme, at the top of 
the Oolites across England, by Cheltenham and 
Chipping Campden, gradually resting on some- 
what lower rocks. In advancing to the north-east, it 
passes over ihe Lias near Bugby, and reaches the 
Keuper marls at Gainsborough, where six square 
miles or so passes over the boundary, forming the 
only exposure east of that line. At Scarle, n^ar 
Lincoln, and Burford, in Oxfordshire, the Trias has 
been reached and penetrated beneath the overlying 
Oolites, but south of the latter locality it probably 
thins out against the old palesozoic ridge under- 
lying the Thames valley, connected with the 
Mendip range, which latter, though capped more 
or less by new red marls, was doubuess above 
water when the New Bed Sandstone was deposited, 
and east of a line ranging through Gloucester and 
Stamford, the chance of the New Bed or Permian 
being present in sufficient thickness to be water 
bearing, is very small. 

In the Severn, and Avon basin, of the 1,831 square 
miles occupied by triassic strata, no less than 1,393 
consist of red marls, much of which area is not supra- 
pervious, resting on pretriassio impermeable rocks. 
The remaining 438 square miles of triassic sand- 
stone absorb not less than 10 inches of rain 
annually, which is equal to a daily yield of 175 
million gallons, or supply for 3^ mHlion people 
at 50 gaSons per head. The underground water 
of this basin will flow into the Trent basin be- 
tween the north and south Staffordshire coalfields, 
in its northern area, and into the Thames basin in 
its southern area; but in the latter, from the 
southerly attenuation of the strata, this supply is 
of no practical importance. 

South of the Mendip range in southern Somerset 
and Devon, triassic sandstones again come in 
beneath the marls, the former being 315 square 
miles in extent, and tiie latter 49 square miles. 
This area of sandstones, with 10 inch absorption, 
should yield a daily average of 126 million gallons, 
or supply for 2^ millions of persons; and is avail- 
able for the supply of Exeter. In the valley of 
the Qywd, 40 square miles of triassic lower 
mottled sandstones occurs ; it has been bored into 
to a depth of 600 feet, and rests on impermeable 
palfiBOzoic rocks ; it drains into the sea, beneath 
high water mark. In the Lancashire and Cheshire 
tnassic plain, in the basinB of the Dee, Mersey, 
and Bibole, occur 1,920 sauare miles of triassic 
rocks, of which 850 are red marls, for the most 
part salt-bearing, and of too great thickness to 
allow boring through to the sandstones beneath, 
which, however, crop to the surface over an area 
of 1,070 square miles, which, at 10 inch absorp- 
tion, give a daily averajge yield of 428 million 
gallons, or a quantity sufficient for the ^^pV^J^^ 
Si milHons of people, at 50 gallons per head. The 
population of Lancashire and Cheshire» in 1871, 
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was about two millions, so that the supply 
from this source alone is four times the 
demand. From these sandstones, more than 
six million gallons are pumped daily by the 
Liverpool Corporation wells off a very small area. 
Large supplies are also drawn for Buncom, 
Widnos, Warrington, Stockport, Southport, Orm- 
skirk, &c., water supplies. The underground 
drainage in the southern portion of this area is 
towards the Cheshire salt field, the top of the 
sandstone there being considerably beneath the sea 
level. 

In the Tyne and Tees basin, 170 square miles of 
triassic roolcs occur, about 100 miles being sand- 
stone, and the remainder marl. The groimd is 
ow, and the permian limestone, with uiick salt 
beds, occur below, and no good supply of triassic 
water can be relied on. 

In the basin of the Ouse, Trent, and Humbei 
occur 3,041 square miles of triassic rocks, of which 
1,870 are marl (200 square miles around Cham- 
wood Forest resting on the older rocks), and 1,171 
red sandstones, which, at five inches absorption, 
would give a daily average of 234 million g^ons, 
or a supply for 4} million persons. The population 
of Yorkshire, Nottinghamshire, Derbyshire, and 
Staffordshire, in 1871, which aremainly m this area, 
was 5J millions. The demand is here in excess of the 
supply. In the West Yorkshire area it is met by a 
good supply of water from the elevated carboni- 
ferous tract forming the Pennine Chain. To the 
south a good supply is got from the Trias at 
Nottingham and other towns westward, but the 
supply is not satisfactory over a large part of the 
Staffordshire district. 

As already stated, the diagonal watershed, 
pnssing across England from south-west to north- 
east, is situated mainly on the Oolitic strata. They 
only occur west of it in three areas, viz., 768 miles 
in the Severn and tributary basin, all of which 
drains undergroimd into the Thames basin ; 171 
square miles in the Ancholme valley, draining 
naturally into the Humber ; and 832 square 
miles in the Cleveland district of Yorkshire, of 
which 183 miles are north of the Trent basin, 
though the underground drainage fiows into it. 

The diagonal watershed nearly corresponds with 
the north-west boundary line of the counties of 
Lincoln, Kutland, Northampton, Oxford, Bucks, 
Wilts, and Dorset, the water falling on the Oolites 
in the basin of the Witham and Ouse of the first 
three of these counties, and Huntingdon and Bed- 
ford drains underground beneath the cretaceous 
Tooks of Norfolk, Suffolk, and Herts, into the basin 
of the Thames and East coast. The watershed 
between the Thames and Ouse commences at a 
point on the diagonal watenhcd near Weedon, at 
the base of the Oolites; then it cuts across the 
strike of these rocks, passing over higher and 
higher beds until it ascends the chalk escarpment 
nearTrinff, where it travels north-eastward, and 
nearly follows the strike of the chalk, rising to an 
elevation of 500 ft. near Baldock, and, with some- 
what diminished height forms, the central water- 
shed of Norfolk and Suffolk. 

The Oolites of the Thames basin occupy 940 
square miles, those of the Witham and Ouse 
basin 3,701, those of the area lying west of the 
diagonal watershed 236 square miles, or a total 
•rea of 4,880 miles, the wbole of the onder- 



ffroimd diainage of whicb gravitates to the Thanto 
basin. Assuming that only one - third be ptr- 
vious, or 1,626 square miles, and only five inches «< 
rain annually to be absorbed, a daily yield will accroe 
of 325 million gallons, or a supply for six and ahak 
million people. Probably, bowerver, only a third 
of this amount can be obtained from tbe thmning 
of the Oolites under the overlying atrata in tb- 
Thames valley, against the old Pateoxoic ridje. 
The large yield obtainable is, however, proved bv 
the great volume of the Thames head springs. 

Of the 10,506 square miles of cretaceous rwi? 
in England, only 1,329 miles occur west of tk 
diagonal watershed, 999 being in Torkahirein th- 
Trent and Himiber basin, 16 miles on the west ot 
the line, but draining underground into theTham**. 
and 257 miles in South Devon, forming th- 
Blackdown beds. In the Thaoaes and east co« 
district not less than 4,000 square miles of per- 
vious cretaceous rodts, receiving not leas than fiv' 
inches of rain annually, or a daily supply of h&) 
million gallons, it is readily understood with th(* 
figures how the dry weather flow of the Thaln<^ 
is kept up, by chalk springy, this yi«ld. »* 
sufficient for 16 million people; and takies 
the Oolite supply, the total volume of water 
yielded by imdergrouud sources in the Thames ww 
East Coast river basins may be taken at U*- 
million gallons, a supply equal to the wants of *^ 
million people, or nearly that of the total inhabit- 
ants of England. 

The cretaceous rocks occupy 2,038 square mxw 
in the Witham and Ouse basms, about 1,500 tqiurt 
miles being pervious. Those of the Humber t»l 
Trent basin have already been described. 

The tertiary deposits are chiefly impennetw; 
they occur entirely east of the diagonal water8b«| 
and occupy 3,333 square miles in the Thames ui*\ 
East Coast basins; they are everywhere 5tipr>- 
pervious, resting on the cretaceous rocks, no* 
being bored into at their base by the New Bi«t 
and other companies, cmd long drawn on by the 
London brewers. 



ON THE UNDERGROUND WATER-StTPPLY 
OF VILLAGES, HAMLETS, AND* COl'NTJJ 
PARISHES OF THE CENTRAL AMJ 
EASTERN COUNTIES OP ENGLAND. 

By Professor Xdward Hull, 1L.D., 7.B.t-, 
Director of the OeologioKl Surrey of Ireland, 



That the development of zymotic disessei ij 
villages and rural pariohee is due to *'diii. 
which, as Lord Palmerston defined it, is *' id*^*'"^ 
in the wrong place/* and also to bad water, ^u 
aaciom that is accepted as soon as stated. F^' 
however, except those whose lives are passed w 
such localities, are aware to how large an m^?^ 
these preventible diseases aro preralent, ewn ui 
places where beneficent Nature has granted ill ^^^ 
necessary aids to health. The stagnant pool, tb^ 
pestilential manure heap, the odoriferous oxtob.tff 
but too frequently the mimediate aurroandin^ ^ 
a cottage or farmstead : and in the midst of tbco^ 
or near thereto, is often planted the pump f^ ^ 
water*suBply of the household, which, witb th« 
purer underground waters drawn from wider sns*« 
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kgam brings to the surlaoe some proportion of the 
)erco]atimg filth. 

On the other hand, where the geological eondi- 
ions permit, many yiUages and hamlets are 
upplied with water from perennial fountains or 
leep wells ; which, drawing their waters from wide 
reas of strata, through wmch the rainfall has per- 
olated by the natural process, hare thereby become 
uited for use. In the early planting of these 
slands, such fountains were generally selected as 
he sites of hamlets or homesteads, and manr of 
hese remain to the present day, along the borders 
if the chalk, the lower Greensand, and the Oolites; 
rhile, within the area of the London basin — as 
hoL Prestwidh has pointed out — ^many of the 
uburban Tillaaes near the city of London were 
pronped annmd a spring of water, or bed of craTel, 
rem which water could easily be drawn by shallow 
irells.* 

Before entering further upon the subject of this 
ommunication, I wish to premise that I have no 
otention of dealing with the question of water- 
upply to large towns, or any of those places which 
rould come under the head of ** Urban Sanitary 
)istrict8'' of the Public Health Act of 1872. Such 
iistriuts and towns may well be relegated to the 
are of their respective sanitary authorities, guided 
»y a corps of engineers, who are ever ready to find 
rater if only tbe money for the purpose is fortii- 
oming. It is to the more humble and greatly 
eglected villages, hamlets, and country parishes 
i the central and eastern counties my observations 
re intended to apply, with a view of showing 
hat the means are generally available for providing 
hem, where required, with that essential concomi- 
ftnt to health, decency and comfort — good water. 

Physical Considbrations. 

Though large x>ortions of those districts of 
ilngland referred to in this paper are destitute of 
ii]U— the birth places of springs and fountains — 
'et it happens tniat the geological formations are 
•rranged so as to constitute underground reservoirs 
or a hurge proportion of the ordinary rainfall, 
vYdoh can be rendered available by wells of greater 
>r less depth. These districts are composed of the 
ncsozoic or secondary formations, consisting of 
Iternating beds of permeable, or water-bearing, 
nd impenneable, or dry, strata; generally ar- 
anged with such a moderate dip as to spread over 
arge areas ; and capable of retaining, on tiie one 
land, or throwing ofF, on the other, a certain pro- 
tortion of the rainfall, varying in amount acoord- 
Dg to circumstances. 

The water*bearing strata consist of sandstones 
^nd limestones of various kinds ; the impermeable, 
>r non- water bearing, of clays and shales ; and it is 
berefore evident that any system of water-supply 
applicable in the one case would not be so in 
beftther. Accordingly, the subject divides itself 
nto two heads, via., supply by means of wells, and 
upply by means of artificial reservoirs or tanks. 

The capabilities of the mesozoic (or secondary) 
ormations from the chalk to the new red sand- 
tone inclusive, for furnishing permanent supplies 
« pure water, are being energetically investigated 
)y the Committee of the British Association, " for 
nvestigating the circulation of xuderground 

* Anniy. Addreas, Qeol. 8oc. Lond., 1873. 



waters," of which Mr. Be Banoe, F.G.S., is the 
Bex)orter. Four valuable reports have now been 
issued, and the investigations of the Oommittee 
originally restricted to the New Bed Sandstone 
and Permian formations, have, since 1877, been ex- 
tended to the Jurassic or Oolitic formations. 

In the report for 1878, reference is made to the 
Congress on Water Supply held by the Society of 
Arts, and Mr. De Banco quotes his estimate of the 
areas of the formations yielding underground 
waters which he laid before that Congress, and 

which are as follows : — 

Sousxo loiliB. 
Feimian and Trias (New Bed Sandstone) 8,645 
Oolite limestone, &c. ....... 6,671 

Hastings sand (Wealden) Qreensand 
anddudk 11,371 



In all. 



26,371 



He states that probably four-fifths of the ares 
of permeable rooks would yield, were they tapped, 
unpolluted water, and would receive into their 
mass not less than from ten to fifteen inches of 
rain water annually ; a quantity which, if only six 
inches in depth were drawn from wells, would 
yield no less than 240,000 gallons per day for each 
square mile of surface, and which would be far in 
excess of the requirements of the population.* 

This is no doubt a tbeoreticaUy correol estimate, 
and although the available supplies may be far 
below it, enough has been said to show that the 
underground reservoirs are of vast extent and re- 
sources. 

/.) PSRHEABI.B (OB WaTBR-BEABINO) AND Im- 
PERMEABLE (OB DBY) FOBKATIOirS. 

So much has already been written upon the 
nature of these formations, and the qualities of 
the waters they are capable of yidlding, that I 
shall content myself wim a very brief description 
of tbem ; commencing with the chalk formatioift 
downwards (see Table on next page). 

Out of the twelve sets of strata, arranffed 
in the table according to their water-beanng; 
qualities, there are seven which are permeable, 
viz. :— (1) Cbalk and upper Oreensand, (3) lower 
Greensand, (4) Purbeck and Portland beds, (6) 
Coral rag and grit, (8) Oolites and upper Lias sands, 
(10) middle Idas, (12) New Bed Sandstone, with a 
total thickness varying from 1,27» to 5,600 feet, 
while there are alternating with the above five sets 
of strata, which are impermeable, viz., (2^ Qault 
day, (5) Kimmeridge clay, (7) Oxford clay, (9)> 
upper lias clay, (11) lower lias and Keuper marls, 
with a total thickness varying from 2,110 to 6,430* 
feet vertical, t 

(2.) QuALrriES oi^ the Watbbs fboh the. 

PSBMBABLE STBATA. 

In endeavouring to ascertain the qualities ef 1£e 
underground waters derived from dmerent i^rm»- 
tions, it may be generally assumed that thos» 
drawn from limestone formations are "haod,.*^ 
those from sandstone **soft.'' Owing,, hoi 



* BeporUfP. 2. 

f I luivepiuposely omitted ihit days and gamikrot the drift 
•eries, as they aze of so ▼aijahle a nAtuxe that no goMBil ral« can 
be laid down regardiog their water-bear&ig>qiialitiea. Theboolder 
day ia, however, a generally impepcneaUe atoatmn, and the middle 
sanda and gravda watep-beaxhig ; from theae apdngt ffood aof t. 
water often iaroes forth. 



88 



OBOELOaiOAIi FOBXATXORS 07 THE CbMTBAL Aim SoUTH- 

XAfli Couinzss. 



PORIUltloIlS. 



! Chalk 
Upper green- ) 
aand J 

2 Gaultclay 

A I Lower flrreen* I 
^\ Band* \ 

^ i Purbeck and \ 
* \ PortOandbeds J 

7 Oxford olay ... . 

(Greatandln- ) 
ferior oolites ) 
Upper lias sands 

9 Upper lias olay.. 

.|. (Harlstone or\ 
^" \ middle lias f 

{Lower lias clay 
Keuper marls ) 
(trias)t ) 

'Lower keuper^ 
sandstone^ j 
12 Newredsand- 
stone (Bun- 
Iter)} 

/ Lower per - \ 

.q ) mian beds ( 

^^) (alternating ( 

\ oharaoters / 



PonnMblo 
Strata. 



miicknflMin 

fest. 
645 to 1,000 

100 to 400 



20 to 500 
0to60 

• • 

40 

• • 
200 to 450 

20 to 200 

• ■ 

30 to 260 



150 to 450 
to 2,150 

Variable 



Lnpenneable 
Btnta. 



ThidknesB in 
feet. 



130 to 200 



300 to 600 



350 to 500 



30 to 300 

■ • 
500 to 600 

600to 3,000 



Variable 



Quality of 

Water. 



Haid 
f Rather 
( hard. 

(Soft and 
\ good. 
I Rather 
\ haid? 



[Rather 
{ hard. 

• • 

Hard. 

Soft?: 



(Rather 
haid? 

• • 

(Gen'ly 
( imper. 
Soft. 

(Soft or 
\ variable 



Soft. 



to varistioiis in the nature of some of the strata in 
different localities, and to the greater or less pro- 
portion of carbonate of lime, carbonate of magnesia, 
or salts of iron, &c., which they contain, the 
quality of the water from the same formation is 
liable to Tariation, according to locality. This 
subject has already been so fully dealt with by 
various authors, that I do not consider it necessary 
to do more than give a brief summary of the 
results, as far as uiey have been ascertained, in 
several localities. 

(a.)— Water fbom the Chalk. 

From analyses of many wella and springs in this 
formation in the South-east of England, it is well- 
known that *' chalk water" is hard, though clear 
and well suited for many purposes, especially in 
the important one of brewing. The percolation of 
the rain through this formation, amounting to 
about one-third of the actual rainfall, is so ex* 
oeedingly slow, that the water has abundant time 
to take up a large proportion of carbonate of lime 
from the rook itself. The mode of percolation has 



* TIm lower Oreenaaad of Boxrey oonaMs of ■eveiml memben of 
ywyiam liTdiametrie qoalitioi, for an accoimt of irbidtx aee " Oeo- 
los7 of the Straiti of Dover," by W. TOpOej, F.O.S. ; and " Hori- 
MBtal Welk,'* brW. Lucaa, p. 81. 

f Hie beds of lECeaper aandkone about the ooitre of the marli 
oftn eoatain mtter. In the Searte boring, a feeder of water 
yJeMtaf 11 gattene per ainiite waa efeniek in theae bed* at a depth 

t iB Senle boring about 950 feet thick. 



been ably treated by Professor Prestwioh,* 
Clutterbuok,t Mr. Homersham, G.E.,t and others. 
It seems, from observations made on the ehalk 
hills by Mr. Beardmore,§ that it takes from four to 
six months for the rain to reach a depth of 200 to 
300 feet, so that the water which is drawn frofOL 
this depth in summer belongs to the rainfall of tlie 
preceding winter. The total quantity of aobd 
matter in chalk water varies from 31 to 32^ in 
.100,000 parts, of which from 16*4 to 21 jwrta are 
of carbonate of lime. In the case of large worlcs, 
this mineral ingredient can be dealt with by the 
softening process invented by Dr. Clarke ; but for 
country villages, thero seems to be no plan of easy 
application for lessening the amount of caloareooa 
matter, except that of boiling, by whioh the hard- 
ness is reduced from 24*7 to 3*7 in extreme cases. 

(&.}"^^^^^ Gbeenbaio). 
The water from the upper Qreenaand is probably 
a little less hard than that from the chalk. 

c^LowER Qbeexsakd. 

^ The water from this formation is generally con* 
sidered unexceptionable, and deddedly "soft,** 
Samples taken from five localities, give a mean 
result of 7*9 of solid matter in 100,000 parts of 
water. Mr. Bateman, G.E.|| speaks of the water 
from this formation in the basin of the Wey as 
being of the greatest purity ; and as the sands are 
generally loose and incoherent, they absorb nearly 
all the rain which falls on their surfaoe, except 
that given off by evaporation, or imbibed by vege- 
tation. 

Enormous quantities of water are absorbed by 
this formation, where, as in Surrey and Kent, it is 
largely developed, and to sucAi an extent are they 
capable of being rendered available, that Mr. 
Lucas proposes by means of tunnelling, to render 
them useful for the supply of London.1f In 
Bedfordshire, Bucks, and Berks, as also in the 
S.W. of England, the formation attains large pro- 
portions, and contains bands of siliceous iron, ore, 
which to some extent affects the water. Sxposore 
to the air, however, causes the iron to be precipi- 
tated. 

d.— OOUTB LncXSTOZTES. 

The waters from these formations are more or 
less hard, yet less so than those from the chalk, 
and of course, where the source is the sandy strata 
which accompany the limestones of the Portland 
Oolite, the great and inferior Oolites, fto., the 
qualities of the water will be found to vary aocord- 
ingly. Of the proportion of solid matter in the 
waters of the Oolites, that found in the fine springs 
of South Cemey, near Cirencester, which rise along 
the line of a large fault, may be taken as a sample. 
The total amount of solid matter was found to be 
18 grains per galloa, of which 1*25 was of organic 
origin.** The water from the Seven Springs near 
Cheltenham, from the inferior Oolite» gave six 

* Annhreraerr AddreM, 1878, p. 41. 

4 IVoe. Inet. Civ. Ensineerm 1S49-8 and 1850. 

t Eeport Royal Cominteion on Water Sopply, 1889. 

I Ibid., p. 904. 

II aeport oontained in a Return to an aid«r of tb» Booar of 
lioiitU, 1868, No. 988. 

^ Horiaontal Wella, by J. Looas, F.Q.8. (18r4l. 
•• Analnia, 1^ J. Honley, KC.8.. appawkd to KepmH tm tW 
water eopply of Cheltenham, by Dr. Wr^ht, F JLB. 
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{rains per gallon, of which two grains consisted 
)f organic matters.* The well at Thames Head, 
lamping from the great Oolite near Cirencester, 
^▼e 16 grains per gallon ; f and the waters of Uie 
Thelt, above Charlton Mill, near Cheltenham, 
firhich rise from springs at the base of the inferior 
DoHte, gave 20 grains per gallon, of which four 
grains consisted of organic matter. 

(«.)— New Bed Sakdstone. 

Next to the chalk, the New Bed Sandstone — 
nduding the Banter and Lower Keuper divisions 
—is the most important water-bearinff formation 
n the district under consideration, and the water 
i^hich it yields possesses this advantage over that 
)f the chalk, that it is softer, and generally capable 
}i being used for all domestic and manufacturing 
>arposes. From the numerous analyses that have 
)een made of these waters in different localities, 
n the central and N.W. counties, we have the 
neans of arriving at general conclusions on this 
tabject ; and for special and accurate details, we 
nay look forward with interest to the Beports of 
he Committee on Underground Waters, appointed 
)y tbe British Association in 18744 The beds of 
;he Banter sandstone are wonderfully adapted 
;o act both as natural filters and as reservoirs for 
iiat x>ortiozi of the rain which sinks below the 
nirface., This may be assumed at one-third of 
ihe actual rainfall as an average ; while in some 
iistriots — where the formation consists of soft 
landstone, ox unconsolidated conglomerate, devoid 
>f a thick covering of drift day — the amount of 
absorption must reach well nigh one-half the 
imoont of rainfall. Owing, also, to its uniformity 
n composition, and the absence of beds of clay or 
marl of any importance, the whole mass of rock 
bdow a certain level, and throughout a depth of 
leveral hundred feet in some districts, becomes 
w^ater-logged ; and wells sunk therein do not (as 
n the case of the chalk) generally depend for 
their supply on the presence of fissures, but 
^ater is nearly always found after the *' water- 
level " of the immediate district has been reached. 

The remarkable permeability of this formation, 
equalling, probably, that of the lower Greensand 
both of JBngland and France, has recently been 
illustrated by the deep boring in search of coal 
lit Scarle, near Idneoln. This borinR, conducted 
by the ** Diamond Boring Company, was com- 
meaced in tbe lower Lias in 1874, and, after 
baring passed through 790 feet of these beds, and 
the onderlying impermeable marls of the Keuper, 
itruck a feeder of water in the lower Keuper sand- 
stone, and a still strong^ one at 950 feet, which 
caused the water to spout up o feet above the 
Burface. The whole of the Bunter sandstone 
below was also charged with water, as proved by 
tbe increasing temperature down to its base of 
1,500 feet from the surface. Now, the distance 
of this boring from the outcrop of the beds towards 
Uansfield, varies from 12 to 16 miles, and through 
this distance the water percolated from a district 
300 or 400 feet above the sea-level, till it reached 
a depth of about 900 feet below it; and, being 

* Hanlerla Analyiii. Bee, alaotProf. PtestvU^ "On tlie 
^logical Oonditioiit unectfng the Water Supply of Mitmne, &c." 
(Parker and Co., Oxford), 1876. 

i HonlBv'a AoalTBia. Sup. at. p. 8. 

Beport presented at Bristol, 1675. 
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kept down by the overlyine impervious beds of 
Eeuper marl, ascended to t£e surface with great 
force on the artesian principle, on being released, 
through means of the bore-hole.* 

The amount of solid matter per gallon in the 
waters of the new red sandstone varies from 
six to fifteen grains, where they have been taken 
from weUs not too shallow, or from those which 
are free from contamination by sewage pollution 
or other causes. It is to such a cause that the 
large proportion of saline and other ingredients 
in some of the Liverpool and Manchester wells, 
amounting in some instances to 24 and 36 grains 
per gallon respectively, is attributable. In 
general, the proportion of these ingredients 
occupies a central position between those of the 
chalk and other limestone formations on the one 
hand, and the surface waters of mountain dis- 
tricts, composed of millstone grit or of Silurian 
rocks, on the other. The following examples will 
probably be considered Buffioient for the purpose 
here intended : — 



WeUsor 
Bpringa. 
Liverpool districtt .. Beetle .. 

Soho . . 
. . Windsor 
. . Green-lane 



• • 



it 



Oraina 
per gallon. 
24-00 
24*80 
23-22 
13.60 



Binningham:^ •• Aston 12*82 

Stourbndge} . . Well of W. W. Co. . . 21*96 

Leek (Staff oxd8hixe)|| Wall Grange Spring. . 12*26 
Whitmore (nr. Crewe}ir Well of London and 

North-WestemBy. 6*10 
Parkside (near War- 

rington)** .. Well 11*12 

Nottingham , . Several wells (subur- 

ban) .. 12*0 to 16*0 

As an illustration of the effect of the percola- 
tion of saline matters on the waters of even deep 
wells in large towns, I give here the analysis of 
the waters of a well from the south side of Man- 
chester, made in 1865 by Dr. Angus Smith, F.B.S. 
This will show the desirability of having all wells, 
as far as possible, removed from such sources of 
contamination : — 



Wateb FBoic Well, Ma^cohbsiss, Soxttb Side. 

Oraina per QaUon. 
4*88 
7*33 



Cloride of sodimn 
Sulphate of soda . • 
Can)onate of soda 
of Ume 
of magnesia 
Phosphoric aoid, potash 



»» 

»♦ 



Lithia discovered by spectrosoope. 



7*36 

9*77 

5*29 

traces. 

34-65 



This permeabilitv is likewise exemplified by 
the condition of the Liverpool wells. There can 
be no doubt, from the observations recently made, 
that the saline ingredients are increasing in the 



* Trom information kindly fttforded by Ur. J. T. Boot, mininfir 
engineer. Ptoc. Inst. C.E., vol. xlix.,p. 1. 
t Analyaia by Richard Fhillipe, F.C.B. 
t Analyaia by Dr. Hill, F.C.6. 

I SuppUed by Mr. £. Bindon Marten. Thia well ia only 46 feet 
deep. » 

II Analyaia by R. Fliillipa. 

^ Thia well anppliea the worka and popnlaxje of Crewe, and waa 
sunk, on the reoonunendation of the author, by the I <ondon and 
Nortn-Westem Railway Company, 1864. 

•• Analyaia by Dugald Campbell, F.C.B. 
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trftters of tiie wells, and that much of thiB water 
is deriyed by infiltratioii from the estuary of the 
Mersey. It is only on such grounds that the 
extraordinary supplies derived from these wells 
can be satisfactorily explained. This proves the 
desirability of having the wells sunk a good dis- 
tance from the sea ; and I venture to suggest that 
the plain of Cheshire, lying south of the Mersey, 
and so far as it is formed of New Bed Sandstone, 
offers a source of supply as yet but slightly drawn 
ux>on. 

On the other hand, the purity of the waters from 
the Aston well, the Wall Grange spring (yielding 
3,000,000 gallons per day), the Whitmore, Park- 
side, and Nottingham wells — where removed 
from the influence of populous neighbourhoods — 
must be considered as completely establishing the 
excellence of this source of water supply. 

Considering, therefore, the wide extension of 
the water-bearing strata of the NewBed Sandstone, 
the excellence of the formation as a source of ptire 
water — equally cool and refreshing in summer 
and winter — ^it must be conceded that the central 
counties are happily situated as regards their pro- 
spects of water supply, provided these resources are 
judiciously utilised. Nor must it be forgotten that 
the iutemal reservoirs do not terminate with the 
upper boundary of the Sandstone, but that the 
waters pass for great distances under the over- 
lying impervious marls, as illustrated by the case 
of tue Scarle boring, and that by deep wells or 
borings these undersround reservoirs may be con- 
verted into perenniu fountains. 

(3.) Application of thz abote OBssBVATioirA 

TO THB CASES OF YtLIJlOEB AND HaMLETS. 

From what has been stated, it will be obvious 
that for those villages, hamlets, or parishes situated 
on any of these water-bearing strata, or not far 
from their upper margins, where they pass below 
the overlying impermeable formations, wells are 
the nroper and available means of supply. But 
the determination of the question regarding the 
character of the formation tmderlying each special 
village or hamlet, as well as the selection of the 
best site for a well, are, evidently geological ques- 
tions, requiring some special knowledge of this 
branch of science; and the problem how such 
knowledge is to become available in each case 
remains for solution. To this I now address my- 
self. 

In the first place, as admitted by Mr. Edwin 
Ghadwick, C.B., the completion of the maps of 
the Oovemment Ceolo^cfd Survev, over the dis- 
tricts comprised in this paper, places them in a 
very advantageous position for availing themselves 
of Uie underground waters stored up in the strata. 
TTntil some accurate and detailed maps, such as 
these were, rendered available, the data for arriving 
at definite conclusions regarding tho geological 
situation of many localities, could not be obtained. 
With these maps, a Sanitary Board ought to be 
able, with very little assistance of a technical kind, 
to determine whether a particular village or hamlet 
requiring good water, was so placed, geologically, 
as to be able to obtain a supply by means of a 
well ; and, if so, also the best spot in which such a 
well should be sunk. 

I am aware, however, of the unhappy and pre- 
«*1m.4> «'fnor»noe of even the most rudimentary 



principles of geology amongst such bodies, and it 
would) therefore, be necessary, for the proper 
carT3ring out of the proposals here suggested, tba^ 
an experienced geologist should be attoohed to the 
staff of the Central Board of Health in London, 
whose duty it should be, when applied to, to allord 
advice in all cases of this kind. Owing, thereforp, 
to the progress of the Survey over the districts 
here alluded to, it seems to me that the time has 
arrived for putting in force some scheme of 
general application, depending on geological oonS 
siderations. 

(4.)-— Cases not ABMimHo of Supply bt mxaks 

ofWblub. 

I now come to the case of those villages, hamlets, 
or parishes, which, owing to their geological 
position, cannot be supplied by means of wells. 
These are they which are situated on such imper- 
meable strata as the Oxford day, the lias, or the 
Keuper marls ; or are at such a distance from the 
subjacent water-bearing strata, that the depth of 
a wm would be great, and the expense too costly 
for the resources of the inhabitants. In such case*, 
a sunply from surface drainage of some aVailablo 
brocMc or rivulet seems the only resource ; and powers 
should be given by the local sanitary authority 
to impound such streams in small reservoirs 
or tanks, imder proper and stringent regulations, 
so as to prevent surface pollution of the water, 
either in the stream or in tibe reservoirs. The con- 
struction of such small reservoirs as would be 
necessary for the purposes here alluded to, would 
entail only a moderate amount of engineering skill 
and of pecuniary outlay. In providing pure water 
it would also be necessary to stop up or destroy all 
impure wells, pools, or tanks, in tho same village 
or namlet, as the poor are very apt to prefer a 
source of supply to which they have all alon^ been 
accustomed.* 

(5. V— MAOHmEBT FOB Cabbyiko oxn* A Obnebal 
System of Wateb Supply fob Yillagbs asd 
Hamlets. 

We come now to the difficult question as to the 
machinery for carrying out such a system of water 
supply as is here proposed ; and peniaps the fint 
step to be taken is to ascertain to what extent the 
evil of insufficientor polluted water supply prevails 
in countiy places, fnus, I think, mignt be effected 
by means of the agencv evoked under the PnbHc 
Health Act of 1872. iJnder the dauses of that Act, 
the rural sanitary authorities have the power of 
appointing a medical officer of health and an 

I inspector of nuisances for a period of five ycttrs ; 

* and it would probably not be difficodt, by their 
co-operation to obtain returns from all the parishes 
included in the rural sanitary districts, together 
with the villages and hamlets contained therein. 
I would propose that a simple form of circular be 
drawn up by, the authority of the Local Government 
Board, which the officers above named should be 
required to fill up and return, stating — 1st. Thp 
names of the villages or hamlets in each rural 
sanitary district ; 2nd, The number of houses; drd. 
The existing mode of water supply; 4tb. The 
opinion of the medical ofioen rsgarang' tho aahne 
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and quality of «ttch water, if any there be; and, 
5th. Obseiratione regarding the general health of 
the inhabitants and the pre*noe of zymotic 
diseases. It would then be the duty of the Local 
Government Board to eliminate the names of those 
villages or hamlets in which it would appear, from 
Buch returns, that ttie water supply was sufficient, 
both as regards quantity and quality ; and then 
would remain those residuary cases, requiring to 
be dealt with under the scheme here proposed. 
They would probably be found to amount to several 
hundreds within the limits of the area dealt with 
in this paper. 

It would doubtless be advisable, in carrying out 
such a scheme, that the existing Parliamentary 
powers should be called into requisition. After 
perusing the Public Health Act of 1872, it seems 
to me that, with slight modification, that Act 
might be made available. The division of the 
whole country into (1) urban and (2) rural sanitary 
districts is excellent^ and at once determines the 
districts outside and within the scope of the pro- 
posals I have ventured to offer. The appointment 
of medical officers of health by the sanitary author- 
ities, but who are responsible to the central 
authority in London, oners an effective agency. 
Under Clause 17, the rural sanitary authority has 
power to provide a supply of water for rural 
sanitary districts; but such districts are, I fear, too 
extensive for such modes of water supply as is here 
proposed, and it would be necessuy to split them 
up into villages and hamlets, having independent 
powers, though tihe necessary expense might be 
spread over each district. 

I would, therefore, propose that, when it is found 
from the reports obtamed through the rural seuii- 
tary officers, that the supply of water to any 
village or hamlet is insufficient or impure, the sani- 
tary authority of the district in which liie village 
or hamlet is situated should be required to proceed 
forthwith to apply the remedy. It would be 
necessary then, in the manner I have ventured to 
suggest, to ascertain whether the locality could be 
supplied by a well, and if the local technical 
acquirements are insufficient to settle this question, 
the aid of such a Government officer as has been 
already referred to should be afforded ; while at the 
same time it should be competent for the sanitary 
authority to call in professional advice from any 
other quarter. 

A well haviuff been determined upon when the 
geological concbtlons prove favourable, tho site 
fixed with reference to local circumstances, and tho 
cost having been ascertained, powers should be 
granted to raise money for carrying out the work 
and rendering the well available for the free use 
of the whole of the inhabitants. 

In sinldng such a well, the top waters, to a 
depth of 10 or 12 feet, should always be carefully 
stopped off by solid masonry or hydraulic cement ; 
ana means be adopted for keeping it free from con- 
tamination, under stringent regulations and heavy 
penalties. Being for the use and benefit of all, it 
should be jealously guarded by all as as a public 
benefactor. 

I have not considered it necessary to enter at 
length into the means by which my proposals 
should be carried out. These are matters of detail, 
capable of settlement by those who are conversant 
with such matters. I haye contented myself with 



sketching out a plan of general application which 
will prm>ably be considered sufficient for the 
present occasion. 

By one or other of the abore methods probably 
all the villages or hamlets of the central and 
eastern counties which require it might be sup- 
plied with pure water. Till this is done, it cannot 
be considered that we have reached the state of 
sanitary improvement befitting a great and 
prosperous country. 



WATEBSHEP LINES. 

SUBTKBRASTEAK WATEB-RIDOSS. 

By Joseph Laoas, f .6.8. 

The Burface-ridge which forms the westeni 
boundary of the basin of the Medway in the chalk 
area, mark's also the position of the subterranean 
water-shed line from Cobham as far south as 
Meopham-green, a distance of four miles. The 
surface boundary ridge continues its south- 
westerly direction for another three miles to the 
chalk escarpment, near Wrotbam; but the sub- 
terranean water-shed ridge takes a south-easterly 
direction at IMEeopbam-green, and runs under a 
valley, and then by a slight curve aloiig the course 
of the ridge through I)avid-street, Harvel, and 
Sparrow Haugh, to the chalk escarpment in 
Down's Wood, one mile and a-half east of the 
point at which the surface boundary ridge reaches 
the escarpment. The subterranean drainaoe of 
the included triangle (physically within the Hed- 
way basin) flows towiuds the north-west, under 
the apparent boundary ridge, and then north to 
the Tnames at Ghravesend. The area thus lost to 
I the Hiedway basin is rather over one square mile 
I and a quarter. 

From the point (south of Fairseat) at which the 
above-named surface boundary ridge strikes the 
chalk escarpment, there starts also the eastern 
boundary ridge of the so-called basin of the 
Darent. This ridge runs almost due north, 
through the heart of the chalk oouniry, as far as 
Longneld-hill, a distance of four and a-half miles, 
after which it runs in a north-westerly direction 
to near Dartford, a distance of six miles, the last 
four being over tertiary strata. Unlike the last, 
this ridge, although inclosing the Darent basin, as 
viewed oy the modellist, does not in any part of 
its course mark a subterranean water-fiuiea line. 
On the contrary, it traverses longitudinally^ at a 
smaU angle, an immense depression in the surface 
of the chalk water system, which forms the sub- 
terranean basin next adjacent to that of the 
Medway. This is the Stausted basin, which 
empties itself into the Thames near Gravesand. 

The Stansted basin is bounded on the west by a 
broad ridge, under which there also lies a strong 
subterranean water-shed line. The ohalk water 
system in this block of hills, between the Medway 
and the Darent, attains its greatest altitude at the 
southern extremity of this ridge, near Terry's 
Lodge Farm. The subterranean water-ridge can 
be traced north for four miles, or as far as BuBrtleyt 

(when it gradually disappears by the ooayergeooe 
of the Stansted basin and that to the west, or the 
Fawkham basin. The western boundary of the 
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Fswkham basin is the sorfaoe-ridffe nmning 
through Singsdown, Chimhamw, and Speed Gkite, 
and thence towards the village of Darenth. A 
subterranean water-ridge accompanies this, without 
exactly coinciding with it, as far north as Horton 
Kirby, a distance of four and a-half miles, when 
it, too, becomes indistinct. This water-ridge forms 
the true eastern boundary of the Darent basiu — 
the Stansted and Fawkham basins taking the 
waters of an area of 17 square nules from the 
apparent basin of the Darent under the surface 
nqra to the Thames direct. 

The western boundary of the Darent basin, and, 
therefore, the eastern boundary of that of the Cray, 
is a remarkable line. There are few lines in nature 
so straight. The subterranean water-ridge runs 
almost absolutely straight for 11 nules. It cor- 
responds generaOy in position with the surface- 
ridge, the following exceptions being note- 
worthy. 

Where the surface-ridge runs along "Well- 
hill, the outlier of tertiary strata, by cutting off 
direct access of rain to the chalk water system, 
throws the subterranean water-shed a little to the 
west. Again, from Grockenhill, the surface 
boundary ridge runs north by a cuzred course 
over tertiary strata, round by Joyden's wood. 
Since this mass of tertiary strata also cuts off the 
direct access of rain to the springs, the chalk water- 
ridge does not partake of the curve, but lies to the 
east, under Hextable and Oakgreen, Wilmington 
— the greatest divergence being one nule. The 
included area of nearly two square nules, there- 
fore, drains into the CSray basin. 

The western boundary of the Cray basin in the 
chalk area, and therefore the eastern boundary of 
the Bavensboume basin, follows the surface-ridge 
from Holwood as far south as Cudham-lodge. 
south of which I have no good evidence as to its 
course. I incline, however, to think that it does 
not follow the surface ridge to the south-east, but 
more probably continues a south-westerly course, 
to the chalk escarpment, north of Limpsfield. If, 
after a closer survey, this should prove to be the 
case, the area of the included triangle, three and 
a-half square miles, will have to be subtracted 
from the oasin of the Bavensboume, and given to 
that of the Cray. 

The western boundary ridge of the Havensboume 
basin in the chalk, runs south fh)m the tertiary 
Addington hUls, along a spur and an outUerof 
Thanet sand, by Selsdon ana Sanderstcod, having 
there a south-westerly direction. The subter- 
ranean water-ridge lies between them, having a 
pouth-easterly course. The surface ridge curves 
round to the west, but the subterranean water-ridge 
keeps its course by Kineswood-lod^ and Kennel 
Farm, falling in with the surfaoe-ndge at Worms 
Heath, whence they appear to run together to the 
escarpment. The included area is about a square 
mile and three-quarters. This feeds the Wandle 
basin, whose eastern boundary is thus described 
as far north as Selsdon, from which place it takes 
a north-westerly course — the surface-ridge along 
the tertiary strata, and the Bubteiranean water- 
ridge outside by West Croham. Along the western 
boundary of the Wandle chalk badn, the surface 
and subterranean lines correspond generally nearly 
the whole way from Sutton to the chalk escarp- 
ment. North of Banstead, the water-ridge lies 



rather to the west of the surface-ridge, and Boutli 
of that place, a little to the east of the surface- 
ridge, which runs along tertiary outliers. 

The Mole basin takes the drainage of the ter- 
tiary strata for a distance of seven miles measoied 
along their base — four nules west and three east 
of Leatherhead, but it does not take any contri- 
butions direct fh>m the chalk along the same line, 
the basiu being fan-shaped and having its apex at 
Leatherhead. The area dispossessed on the east 
side is two and three-quarters square miles, and 
on the west side the same. These areas dram unda 
the tertiaries. The subterranean water-ridge on 
the west side does not correspond with an^ surface- 
ridge, but lies north-west of that runnmg down 
to L^therhead, until it crosses it near Effineham- 
hill, after whidi it runs parallel to, and half a 
nule east of, the western boundary ridge of the 
basin, to the escarpment. 

The Wey basin takes the draina^ of 12 miles of 
tertiary strata, measured along their base, five west 
and seven east of Quildford; but the Wej it 
Guildford takes the drainage of a fan-shaped area 
of chalk country, not more than three-quarters of 
a square mile in extent, the drainage of the chalk 
ran^ east and west passing under and over the ter- 
tiaries. The Wey basin also takes the drainage of 
the chalk from the western end of the Hog'a-hack 
to Dippenhall, west of Famham, a distanoe of 
about four miles and a half. 

In the chalk area of Hampshire, the basin of the 
Wey, as measured by the surface-ridge, is larger 
by twenty-eight and a half square miles than it is 
as measured by the boundaries of the suhterranets 
water-ridge. 

The subterranean water -ridge corresponds 
generally with the surface-ridge separating the 
basin of the Wey from that of the Loddoi, is 
far as about one mile north-east of Shaldon. The 
surface-ridge then turns north-west, a direction 
which it holds for eight miles. Only tiie first three 
and a half of these are between the Wey and the 
Loddon. At Herriard, the boundary-iid^ of the 
Wey basin branches south-west for five miles, and 
then turns due east for two miles to Medsted. The 
water-ridge, however, instead of following it 
round this course, runs sindght across thnni^ 
Shaldon toBentworth, whence a branch water-ndge 
between the Loddon and the Itohen runsnorth-west 
The area thus cut off drains into the Loddon hatia« 
and is four and a half square miles in extent. From 
Benthworth another branch of the water-ridge ross 
south to Medsted, cutting off a second tfea of H 
square miles, which drains into the basin of th( 
Itchen. From Medsted, where the two ridges 
coincide, the surface ridge takes a sontherlr 
course, somewhat sinuous through Chalwood and 
Privet by Frozfield to the chalk esompment at 
Stoner Bill. The subterranean water-riqge, how* 
ever, strikes nearly straight across by a sonth- 
easterly course from Medsted to Nore HUL ^^ 
Farrin^on it passes under a large valley, into 
which it oocasionallT rises, bursting about the ont* 
crop of the lower chalk as a bourne which Bo*' 
down the valley to Alton. In all the ramiiyi&8 
system of easterly sloping dry valleys shore 
Faningdon, the water fafis towards the vest 
under the surface boundary ridge, and into the 
basin of the Itchen. The area thus out off is ^l 
square miles, making a total of 2SJt sqnara outi 
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to be snbtracied from the basin of the Wey in the 
chalk of Hampshire. 

The water-ridge diyiding the basin of the Lod- 
don from those of the Itchen and ike Test, lies to 
tbe south-west of the surface ridffe, preserring a 
distance of about a mile and a h3i from it, from 
near Bradley, through Nutley, to Ohuroh Oakley, 
-where it crosses the South- Western Bail way. 
Sast of the railway, the Loddon basin reoeiTCS the 
subterranean drainage of about nine square miles 
of ohalk country, lying physically within the 
baain8 of the Itchen and the Test. 



The southern boundary ridge of the Itdhea 
basin marks the subterranean water ridge for, at 
least, four miles east of Millbarrow Down; the 
first two miles separating the Itchen from the 
Hamble, and the other two from the Biver Meon. 
East of West Meon the surface ridge probably also 
generally marks the subterranean water-ridge; 
but, if so, there must be a rapid northerly fall from 
it in the extreme south-eastern portion of the 
Itchen basin, in which the subterranean water is 
50 feet lower than tiie l^ver Meon at East Meon« 
The southern surface boundary ridge of the Meon 
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basin lies a little to the south of the subterranean 
"water-ridge, whose summit rises into the valleys 
on the northern slope of the hiUs, so as to cause 
springs, permanent tributaries of the Meon, high 
up those valleys, and within a mile of the ridge, 
T^ereas on the south side of tiie hill there are no 
springs nearer than the tertiary base, four miles 
south of the ridge. This is owing to the lower 
chalk outcropping on the north side of the hill, 
and the upper oheuk foroung the southern slope. 
Tbe area thus lost to the Meon is about a square 
mile and a-half . 



NATIONAL WATEB SUPPLY. 

By Joseph Prestwioh, F.B.8., 
Profeseor of Geology in the UnlyetBity of Oxford. 

I much regret that my engagements here will 
prevent me from being present at the Conference 
on Thursday and Friday next. I do not, however, 
know that I have anything to add to the communi- 
cation I made last year on the subject of " Water 
Supply." It is one to which, on geological con- 
siderations, I feel much interested, whiTe its im- 
portance on sanitary considerations cannot be 
over-estimated. 

It is not only the purest springs and rivers that 
have to be sought, but it must also be borne in 



mind that the protection of springs from pollution 
is equally essential as that of rivers, and is even 
more difficult to guard against. If I may be 
allowed, I will quote the concluding paragraph of 
a lecture I had occasion to give before tiie University 
of Oxford, three years since, on this very subject, 
in which some of the dangers of our present 
^stom are pointed out, and the necessity of 
the steps the Society of Arts is now taking is 
alluded to.* 

<* The importanoe of alar^ and good supply of water 
caimot be over-rated. This, as a general proposition, 
is now fully understood, and in all our large and popu- 
lous towns able engineers have constmoted works to 
secure such supplies, and to do away with the abuses 
that wereineritable where, as formeny, eaeh house was 
the centre of its own water supply ana drainage. But, 
allhough the flagrant sources of contamination are 
genezvILy removed from our large towns, they still too 
often lurk in hidden or forgotten comera, wmle in the 
hundreds of smaller towns and villages, and in thousands 
of oountrv houses, the plague-«npot still exists in almost 
all its foulness and intensi^. The air may be pure, the 
country may be smiling, the waters may be bright, tho 
people may be cleanly, ease and luxury may prevail on 
the surface, but below that surface a poison is, by a 
delicacy which is not unnatural, hidden out of sight, 
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THteofwn to most, often kept in sobjeotion for years, or 
worldBg 80 iBfltdioiialy asto raiaeno sospiaioQ ; butthereit 
it iMdj, when the opportunity offers, to fix on its proy, 
and to spread disease and death around ; the blow, in 
fact, is often so oovertly given, that neither the sufferer 
nor his friends suspect when or whence it comes. The 
great outbreaks are exceptional. They unavoidably 
attract attention. But it is a question with me whether 
the sum of the minor resultant evils does not outbalance 
the more prominent cases. Against these many risks 
it seems nobody's business to gSead. 

** The evil is lo widespread and so deep-rooted that I 
apprehend nothing lew than legislative action will be 
able to effect a cure, and protect an unwitting popula- 
tion from conditions over which they, in general, have 
no control, and of which, without speoial Inijniry, tibey 
cannot possibly have any knowledge." 

I am truly glad that this great question — ^which 
is one of primary national importanoe— lias been 
taken up by the Society of Arts, and sincerely 
trust it may attract the attention and support it 
desezreSt 



MVER CONSEEVANCY. 
iy ProfiBSsar D. T. Aasted, X.A., F.B.8. 

The Bill brought into Parliament by the Duke of 
Bichmond, on Biyer Conservancy, and already 
passed by the House of Lords, seems to shov that 
this important subject is at length seriously con- 
sidered, with a view to legislation either in the 
present or an early session. There are points 
vorthy of consideration concerning the objects 
attainable by proper conservation of streams, and 
the duties of conservators, that may fitly be dis- 
cussed at the present Gonsress. 

One of the first of sudi points is to determine 
the grounds on which rivers, or groups of rivers, 
may be best brought into combination for purposes 
of conservancy. A division of our country into 
natural and convenient groups of catchment areas 
of moderate extent is essential for this purpose, 
and must be generally admitted as a preuminary 
step. The oner of the Council of the Society to 
give medals for useful suggestions to this effect can 
hardly fail to result in some agreement on the 
subject. 

Assuming that some system of grouping is agreed 
on, and that the whole oountry is parcelled out into 
amoderate number of conservancy districts, the next 
point is to determine the objects of conservancy. 
We may take for granted that any recognised 
mode of grouping catchment areas must include, 
among primary districts, the basins of our great 
rivers. The basin of the Thames and that of the 
Severn* the basins of the Trent and the York- 
shire Ouse, and probably the basins of the Great 
Ouse, the Mersey, and the Kibble, would be re- 
jnrded as requiring, in each case, a separate staff. 
There are certain conditions of rivers, common to 
all these, that will enable us to point out fairly 
enough the requireraents of conservancy, and the 
matters that need consideration on the part of 
Conservators. 

These requirements will certainly include the 
following very distinct subjects, concerning each 
of which supervision is needed on behalf of the 
pnblio: — 

( 1 . ) Navigation, — ^TTnder this head must be under- 
stood the consenration of ail the navigable portion 



of a main stream and its tributaries, and the 
improvement of the river in this re^>eot when 
desirable. For this purpose the banks of an open 
river must' at lecut m retained without deteriora- 
tion ; in most cases they will need improvement. 
In canalised rivers the whole system of lookaipe 
as well as the banks must be kept in good order. In 
every case, the bottom must be ared^d, if the soour 
is not sufficient to remove the mud that would other- 
wise accumulate. 

(2.) Sanitation, — ^By this must be understood the 
conservation of the waters of a stream from its 
source downwards, and of all tributaries, in such a 
state of purity as shall not injure the health of 
persons inhabiting the banks of tne stream, whether 
collected in villages or large towns. 

(3.) Fisheries, — ^To a certain extent this is con- 
current with sanitation ; but it becomes a separate 
subject, and one of primary importance, when the 
natural food-supply is large and valuable, and 
there is but a small population of any kind on the 
banks of the stream, and no urban population 
whatever. 

(4.) Prevention of Flooding, — ^This interest, which 
in certain rivers and tributaries is paramount, 
requires close attention to the banks of the stream 
throughout, the construction of works, perhaps in 
the upper part of the stream, perhaps near the 
point where flooding usually takes place, and the 
maintenance of such works as exist. Where flood- 
ing is occasionally inevitable, owing to the physical 
conditions of the whole catchment area, provinon 
requires to be made to direct the flood, so that it 
will do as little damage as possible to towns and 
other inhabited places on the river course. 

(fl.) Treatment of Fen-lands, — ^In the case of 
certain rivers which flow over wide tracts of low* 
lying lands near the mouth, and reach the sea at 
a level little above low water, the rivers are, in 
many cases, tortuous, 'and have no fall for a long 
distance. To assist the flow by shortening the 
river channel, and, where necessary, lift the water 
to a higher level to enable it to reach the tea, 
have involved the construction of groat engineer- 
ing works, which it is the duty of river Con- 
servators to superintend and keep in order. On 
the performance of these duties depends the 
safety of large populations, and the preservation 
of extensive tracts of land in a cultivaolc state. 

But to carry out properly the systems of drain- 
age in these cases, requires constant attention to 
the upper parts of the stream and its tributaries, 
which also becomes the duty of Conservators. 

(6.) Water-power. — ^In most streams, the water- 
power of rivers is utilised in some parts of its 
course, and the interests of the mill- owners, as 
well as the rights of the public, where the power 
is still unused, should be the subject of careful 
consideration in river conservancy. 

Such being the requirements of well-known and 
important rivers in reference to conservancy, it 
win be evident that, whatever the districts may be 
that are ultimately decided on, there will need, 
on the part of the public officials appointed, much 
special and technical knowledge, in addition to 
the general intelligence they may be presumed to 
possess, and this special knowledge must hare a 
tolerably wide range. 

It is quite conceivable that, if the Conservators 
of a district should be persons chiefly interested 
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in narigation, tlie sanitatioii might suffer, or thai 
too absolute a deyotion to the saTiitation or the 
fisheries, might result in serious obstruction to 
navigation. So, also, the measures taken to 
prevent flooding at certain important points. 
* might interfere irith the ultimate delivery of the 
water from the uplands to the sea, especially 
in tidal streams, or too rapid a delivery of the 
waters of a river into a wide extent of flat lands 
near its mouth, might swamp and injure lands 
brought and kept under cultivation at great cost. 

There cannot be a doubt, also, that rapid and 
thorough deep drainage of the whole of a catch- 
ment area, carrying off the rain quickly to 
the valleys, and thence to the main stream 
will not only sensibly alter the whole conditions 
of agriculture and pasturage, but a^Bct the quan- 
tity of water delivered by streams, the times at 
whioh the water of feeders is delivered into the 
main stream and the quality of the water. Biver 
conservancy is needed to regulate these results. 

In addition to these possibilities, it may be 
observed that embankments constructed near the 
oatflow of rivers are liable to impede the progress 
of fish up stream at spawning time, unless care is 
taken to assist them by mechanical contrivances, 
to overcome these obstacles. 

The constitution of a Conservancy Board for 
rivers will, therefore, be imperfect, and the Board 
will be miable to perform its task with intelligence 
and usefulness, if its members consist exclusively 
of persons whose monetary interest in land within 
the district conserved, or in house or other pro- 
perty on the river banks, is their only or chief 
qualiflcation. 

Snch persons, however intelligent, could hardly 
be expected to decide fairly as to the nature and 
f cost of works it might be desirable to undertake, 
the bearing of sudi works on tiiose of similar 
nature already completed, or their influence, per- 
haps remote, but none the less certain or import- 
ant, on the future state of the river. The 
composition of Boards of Conservancy is a matter 
of great national importance, and requires the intro- 
duction of some element other than mere property. 

The Conservators of each river basin, or group 
of catchments, united under one Board, will have 
special duties, according to the ph3rsioal condition 
of the district taken in hand. In each case, some one 
or more interests will be paramount, and to these 
the others must, to some extent give way, but they 
must not be neglected. 

One of the first necessities in every district 
pwced under the control of a Board, will be the 
construction of a contour map of the whole basin. 
Such a map has been prepared by the Ordnance 
^^ev for the lliames basin, and it is believed 
that the facts ascertained by the Survey are suffi- 
^eat to provide a similar map for every district, 
f careful study of such a map will be the best 
introduction to the duties of each Board. 

At is desirable that the employment of rivers for 
*ny special purpose should not interfere with the 
proper and legitimate use of the stream for other 
pnrposos. All the dwellers on the shores of a river, 
w Well as all riparian owners, have an inalienable 
"Rnt to receive the water that comes down a 
, ^tiiral channel, derived from natund sources, in 
a serviceable and uninjured state, and each person 
°**y iwc it as it passes his property, provided it is 



returned to the stream. This rifht oannot be got 
rid of without the interference of Parliament, and 
to enforce the law in this, and secure justice to aU 
who are interested, the action of some public body 
is necessary, for it is generaUy the oase of the poor 
against the wealthy and powtt^nl. The conser- 
vators of a river system or district should be in- 
structed to regard the preservation of public and 
private rights as a sacred duty, and should be em- 
powered to act on behalf of the pnblic. 

It may, and does happen, that the rainfall natu- 
rally falling on the catchment area of a river sys- 
tem may, in part, or even entirely, be better 
employed, so far as the whole nation u concerned, 
in providing a water supply for one or more large 
towns, than for the dwellers on the banks, or the 
riparian owners. If it is so, the private right 
must give way to the public need, although in 
such case full oompehsation should be given. If 
only a part of the water is taken, and the water ii 
chiefly employed as motive power, artifioial reser- 
voirs may be oonstructed, the storm waters otiier- 
wise running to waste may be impounded, and 
water compensation given by senomg down the 
stream daily a fair average of the water. In other 
cases, money compensation maybe given. In dis- 
cussing and settling disputed questions of ^is 
kind, an efficient Board of Conservators might, 
with advantage, give a decision, and prevent 
litigation. 

^ere are instances in which the channel of a 
river or tributary has been used for many years' 
as a drain or common sewer, to carry away the 
waste of manufacturers, and there are other cases 
in which the water of streams has been fouled 
by washing or cleansing operations necessary 
for carrying on important works. When the 
waters thus injured are feeders of streams 
which afterwards pass towns and other inhabited 
places, it may be necessary to prohibit such 
uses of the water ; but great judgment is needed 
in so doing, for it may be possible to check 
and divert important sources of national wealth, 
by interfering with, and rendering unprofitable, 
staple manufactures in districts in which they have 
been long carried on. 

For purposes of navigation in a river, it has 
already been mentioned that the removal of accu- 
mulations of mud from the bottom is essential, 
such accumulations being in most cases inevitable. 
The remov^ must be effected by dredging, but the 
selection of a place for the deposit of what is thus 
removed may need careful oonsideration. 

It may be utilised in the formation of banks, or 
for raising banks already in existenoe, and may 
thus prevent flood ; or it msv be required to raise 
permanently the level of the valley in certain 
parts, or raise adjacent low-lands liable to flood- 
ing. On the other hand, it may be desirable to 
leave certain low lands of little value unprotected, 
so as to permit flood waters to enter and remain 
for a time, and thus avoid serious inundation in 
other parts of the stream. To decide on such 
matters should be among the duties of the Board 
of Conservancy. 

The duties of conservators in regard to sanita- 
tion are very serious. Theoretically, and accord- 
ing to the belief of some authorities, every ob- 
jedionable material allowed to enter any part of a 
stream, renders all the waters l>elow- suspicious. 
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Praotioally, ve know that no river in existence 
oould be otiier than a mass of poisonous corrup- 
tion if this were true, and that on the contrary, 
almost all streams, except where the quantity of 
water is small and the pollution excessive, pass 
down after a short flow in a dear and apparently 
pure stream. 

There can, however, be no doubt that when 
manufactures are carried on on a large scale, and 
where high cultivation and heavy manuring are 
carried on in lands already deep-<uained, a larse 
quantity of polluted matter may pass into the 
stream. It cannot be denied that this is a source 
of danger. It might be expected that the large 
steady increase of population (about two millions, 
in each successive ten years for many decades past)' 
should act in the same direction, and cause in- 
creased pollution, but this is counteracted by the 
tendency of the population to increase in the towns 
at a rate higher than that of the natural ratio of 
increase of the whole population, and also by the 
fact that the precautions now generally insisted 
on will probably ensure the puri&ation of effluent 
sewage waters coming from towns. It should 
be the duty of river conservators to decide what 
is safe and sufficient purification of this sewage 
effluent, and take care that no injury to health 
shall befal any river under their superintendence 
by neglect of pro^ precautions. 

It has been pomted out that the question of 
sanitation must in one sense induae that of 
fisheries. If the waters of a stream are fit for 
human use, they will not be improved for the 
benefit of the fishes ; and, on the other hand, where 
fish live and multiply, the water is not likely to be 
in a very unfit state for men. Many rivers and 
tributaries, however, coming from the hills in a 
state of extreme purity, and crowded with fishes, 
receive at certaui points the waste of, or are 
otherwise fouled by, manufactures which destroy 
the fish. Where the volume of water is increased 
by large additioDs in a pure stete, and the matter 
thrown in is not deleterious, or is purified by oxida- 
tion on its way to the main stream or the sea, or 
when the stream is small and passes no town or 
place where ite waters are needed for domestic 
purposes, it may be a question whether the manu- 
facture is to be sacrificed to Uie fisheries. In de- 
ciding this Question, which is one certain to 
come before toem, Conservancy Boards wUl need 
to exerdse great judgment. 

To prevent a river, when in heavy flood, from so 
expanding at certain points of its course, as to 
avoid injury to towns or important manufacturing 
or other interests near its banks, has always been 
regarded as one of the chief objects of river con- 
servancy, and is so recognised in the Act now 
before Parliament. The injury from flooding 
is not only very serious as regards property, 
but it extends to human life, and, if possible, 
should be prevented at any cost. The works, 
however, that must be constructed to check 
this mischief require great engineering skill to 
plan; they require that the whole history of the 
river and eacn tributary should be carefidly 
studied, and that the meteorology and geology of 
the whole oatohment should be as well known as 
the physical geographv. In the Thames basin, 
where the interests are largest, the construction of 
th« basin renders this reference to the whole 



physical condition more necessary than in any 
other in England, but in almost every dirision of 
the country that could be suggested compUcations 
are sure to arise with reference to the times, places, 
and possible amount of flooding, that neied oon- 
stent attention to these physical conditions. It is 
not desirable that any Board of Conservators should 
be appointed without members qualified to recog- 
nise the importance of considerations of this 
kind. 

Boards of river conservancy appointed to 
manage the Great Ouse, the WeUaad, the Xen, and 
the Witham, draining the Fen country, and empty- 
ing into the Wash, have to deal with a tract in- 
volving special and recognised difficulties, and 
provided already with numerous engineering 
works, which have been constructed, or in ooone 
of constructiou, during a long period, and are 
provided with engineers to carry out the requisite 
operations. The duties of the conservators, how- 
ever, in this and other cases of special kind, 
should extend over the whole of the river basins 
concerned, and enable them to watch oyer and 
infiuence the outfall by controlling the rivers 
from their sources. There can be litt& doubt that 
in this way much mip^ht be done to diminish the 
risk that sometimes arises in very wet seasons. 

With re^ird to the large tracts affected by this 
group of rivers, and others that enter the sea 
over similar few lands, it is well known that 
their inhabitants are liable to fever, ague, and 
rheumatism. It is no doubt true that thew 
special diseases of fen districte have been checked 
andmodified by improvements in drainage, but there 
is still much to be done in this respect, and it can 
only be done by combined action over large 
districts, and with the aid of constituted 
authorities. 

The remarks I have ventured to offer on the 
duties of river conservators I wish to be regarded 
as suggestions for discussion, rather than as an 
attempt to embrace the whole subject. It has 
occurred to me that, in the preparation of the 
Bill now before Parliament, both the powers to 
be granted, and the duties to be perfonned, bj 
the Boards have been insufficiently considered, 
and that, under these circumstances, a discussion 
as to these matters might bear useful fruit. It 
may not be too late now to introduce danses into 
the Bill in Committee, and should this Bill not 
pass during the Session, the way will thus he 
opened for a more complete and better-con- 
sidered measure hereafter. It is not likely that 
our rivers and river basins will continue to be 
neglected as they have hitherto been. 

The conservancy of rivers very directly affects 
the question of water supply to towns. That 
rivers must alwavs be, as they have always beenj 
the most valuable sources of supply for general 
purposes is ineviteble, and that in many cases due 
care has not been token to preserve them m>m P^^^ 
tion is equally certein. In such cases, instead of 
sources of health they may become the means of 
introdncing disease. Under the care of properly* 
selected conservators, empowered to act, and re- 
quired to enforce the law against all who tnfrmgo 
it, there is no reason why every river in the king- 
' dom should not bo utilised in a reasonable war 
for power for manufacturers, and for the use of 
towns, and after all this be sent down to the sea 
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in Buoh a state as to do no Harm to tbe human 
inhabitants on the banks, or to any fishery that 
the density of the human population will allow 
to exist near its outfall. 



SUPPLY AND 8T0EAGE OF PURE DRINK- 
ING WATER, EAST BRENT, SOMERSET. 

By the Von. Arehdeaeon 0. A. Dexiison. 

I have much pleasure in complying with your 
requesi^ that I snould Send you some brief account 
of what has been done for storage and supply of 
pure drinking water at East Brent, lying at the 
foot of Brent Knoll, Somerset. 

Twelve years ago there was no such supply, 
except to a very limited extent, for the village of 
East Brent, with its large vicarage house. The 
sources of such supply were also at a considerable 
distance from the houses. Now, the water rises 
by natural pressure to the top of the vicarage 
house, and is brought within a little distance from 
every house in the village, in some cases into 
houses by branch pipes. The supply is also un- 
failing and overflowing. I have been nearly 34 
years at East Brent. There had been always 
water for the vicarage house, but with supply faH- 
ing in very dry weather, and only at command by 
means of a force pump. 

In the S4 years there have been three years of 
epidemic disease. I found that in all three cases, 
the disease came in years of drought, and after 
drought. The account of this is simple. The in- 
habitants generally draw their water from the 
same ditches which carry the sewage. In time of 
drought the amount of sewage bore a proportion 
to the water running or standing in them so large, 
as to poison the whole of it ; whereas, in time of 
larger faH of rain, the poisonous effect was, so to 
speak, neutralised. 

All these things, and indications of a choked 
spring a little way up the knoU, led me to begin 
the experiment of spring tracing and reservoir 
making. The result nas been the discovery of the 
old mill of Glastonbury time, and, as I believe, of 
hundreds of years before 1180, the present date 
ascertained ; two springs of excellent water, never 
failing, and of the formation of several reservoirs 
containing together a large supply of mixed spring 
and surface water. It is to be noted that, as there 
are no houses on the knoll, the supply of surface 
water, at times very large indeed, is as pure as can 
be had. But the two springs being more than 
sufficient for the use of vicarage house and village, 
I am drawing all supply from them, shutting off 
the reservoir water, which in a rainfall, becomes 
clouded for some days, and insuring a constant 
supply of pure and unclouded water. I have, 
however, reserved command over the reservoir 
^ater, in case that, in excessive drought, the 
springs should fall too low. The reservoirs fall 
at varying heights, the higher into the lower, by 
overflow or tap, or syphon ; the entire fall from 
the upper end, of the highest reservoir, to the door 
of the vicarage house, being some 50 feet. They 
make excellent pools for trout and other fish. 

Having thus been enabled to supply the 
^carage house and village of East Brent, I am 
very desirous, if the means can be provided, of 



supplying, out of the great quantity of water, 
which miffht be had by further means of storage, 
and devdoping of springs, the villages round 
the knoll, and first of all, a hamlet of my own 
parish, about 1^ miles away. * That this might 
easily be done, and at a cost which, relatively to 
the benefit to be insured, would be very smaU, it 
is impossible for me, with all my experience of the 
locality, to doubt. But it is a thing quite beyond 
my own means, and one which ought to be taken 
in hand publicly. At present, the district is in 
the position of having abundance of pure water 
offered to its hand, but of refusing to stretch out 
its hand to take it. The knoll is a great natural 
reservoir. It presents great naturid advantages 
for storage of stu^ace water. It is full of springs. 
All that is wanted is to develop and apply. As 
the matter now is, I know of no worse instance of 
neglect of a great natural gift. 

1 shall be happy to receive at East Brent, any 
one interested m supply of water, and to show 
him what has been done, and how much more 
might be done. 

Since writing the above, I have received this 
morning, May 10th, from an able analyst the re- 
port following : — '* Both your springs are remark- 
ably free from organic impurity, and admirably 
adapted to drinking uses." 



ON THE EFFECTS OF UNDER AND 
ARTERIAL DRAINAGE ON RIVER FLOODS. 

By James Dillon, 
Yioe-Fresident, Institute C.E., Ireland. 

The pollution of rivers, the silting up of their 
beds, and the damage caused by river floods, ren- 
ders legislation on the subject necessary, and this 
applies not alone to England, but to the United 
Kingdom. 

Tinieitis that great progress has been made 
with the removal of river floods in Ireland, but 
further legislation is required, and if certain 
alterations were made in the Act 26th and 27th 
Vic, and the Acts amending same, under which 
river works ar^ carried out in Ireland, I have 
reason to believe that an Act for England, drawn 
on nearly the same basis, would enable all the 
principal rivers to be successfully dealt with, 
whereas, if these amendments are not made, mat- 
ters must soon come to a dead lock in both coun- 
tries ; for this reason it is to be hoped that final 
legislation on this subject may extend to the 
whole of the United Kingdom. 

Having charge of several river works in Ire- 
land, I would wish first to state that, confining 
the floods in the upper reaches of a river valley 
within the river bulks, instead of allowing the 
floods to spread over the banks, has not had the 
effect of increasing the floods to such an extent 
as to cause an increase in the damage done by 
i^e same floods in the lower reaches of the same 
valley below the termination of the upper 
works; and even admitting for the moment that 
theoretically, drainage works may have increased 
river floods, still it has been found impracticable 
to measure or value the damage, if any, caused 
thereby. 

Careful records have been kept of the River 
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Shantion floods in Itelond, before and after the 
floods, from some of its tributary distriots were 
oonfined within their river banks, where formerly 
the floods were allowed to cover the land. 

The engineer to the Board of Public Works, Ire- 
land, Mr. William Forsyth (lately resigned), a 
man of great ability and sound judgment, and who 
had more to do with the river works in Ireland up 
to 1863 than any other man, in a report on the sub- 
ject, dated 13th April, states: — ^That although 
eighteen tributary, or sub-districts, having their 
outfall in the Biver Shannon, have been relieved of 
their floods, the daily regislaies of the depths of 
waters on the Lock Sills along the lower reaches of 
the Shannon, below the 18 districts, show that the 
discharge in a given time has not been materially 
increased by reeving the lands in the 18 distriots 
from their flood waters. In the same report, Mr. 
Forsyth states, that the late Mr. James M. Bendel, 
C.E., of London, said it was established that all 
flooded lands within a rain basin, and sending 
their surplus waters to be oairied off by the same 
main outfall river, have contributed to the cost of 
improving the common outfall, while they re- 
spectively managed the drainage of their own Bub- 
mstiicts independently. 

The Earl of Eosse, in 1871, stated before a public 
meeting, held to promote the Biver Barrow im- 
provement, that the drainage of a large flooded 
district above his demesne at Parsonstown, had 
not had the effect of increasing the volume of 
floods passing through his demesne to any 
appreciable extent, although engineers predicted 
that bridges would be carried away, and the 
demesne of Parsonstown flooded more than it had 
been. 

Mr. R. Bawlinson, when giving his evidence 
in 1877, before the Lords Committee on Oonser- 
vanoy Boards, was asked, had the extension of 
drainage works very much increased the sudden- 
ness and violence of floods, answered, ''I do not 
believe that either drainage or cultivation effect 
floods in any appreciable degree." (See page 21 of 
the Minutes of Evidence.) 

Other eminent men expressed a contrary oxnnion, 
but I am not aware that thev caused any measur- 
ments to be made of the volume of floods before 
and after the execution of works for confining 
said floods within the river banks. Having success- 
fully treated several districts in Ireland for pro-^ 
tection from floods and for drainage, I was asked 
by the late Duke of Leinster and others in 1871, to 
report upon the effect of under drainage on river 
floods, and having made certain observations, and 
carefully considered the matter, the substance of 
my report was that the former had no appreciable 
effect on the latter. This led to my bemg asked 
to report by different landed proprietors, upon the 
proposed lUver Bairow drainage, embracing some 
625 square miles of a river basin, and flnding the 
various interests so conflicting, I was forcM to 
abandon the idea of carnring the work out as a 
whole, the cost of which would exoeed some 
£300,000. 

I pointed out the great advantages to be derived 
^om carrying out the works in sub-districts under 
the superintoidence of Local Boards acquainted 
with the localities with which their interests were 
connected. Accordingly, I was directed to proceed 
with tiie carrying out of two of the sub^mstriots. 



I at once met with great opposition, on the 
ground that I would flood the lower valleya, but 
I proved to my opponents I would not^ and I am 
now completing both sub-districts soooeaafoUy 
without increasmg the destructive effects of the 
floods lower down the valley. 

I believe few engineers have had the opportunity 
of recording the volume of river floods before and 
after the execution of works for confining^ them 
within their river banks. 

The following is the substance of the results I 
have arrived at in the case of the Upper Inney 
River Works. These works extend over 82 miles 
of rivers and tributaries ; the catchment basin or 
area of country discharging its waters into this 
system of rivers extends over 278 square miles, 
and its centre is situated about 53 miles to the 
west of Dublin, at a level of 211 feet above the 
sea, the rock formation being limestone. 

The whole of the river works were designed so 
as to carry off about four feet below the surfooe of 
land, the flood waters which formerly saturated 
and covered with water 12,260 statute acres of 
land, equal to seven percent, of the catchment basin. 
During the progress of the works, it was neces- 
sary to carry out extensive rock, gravel, and other 
excavations, and to rebuild 00 bridges, the total 
cost of which amounts to about £60,^)0. 

The works under my charge were oommenc<^ 
near Lough Iron, at the point where the Low^" 
Inney Works, carried out under the direction of 
the Drainage Commissioners of Ireland, were sus- 
pended on account of their excessive cost and want 
of funds to proceed further up country. 

Previous to the commencement of the TTpper 
Inney drainage works, the average summer dis- 
charge in the river from the upper district amounted 
to '0689 cubic feet per acre per minute, and tht 
average flood discbarge to *4896 cubic feetp^r acre 
per minute. After the execution of the works, the 
average summer discharge at the same place 
amounted to *0827 cubic feet per acre per minute, 
the flood discharge to *4827 cubic feet per acre 
per minute. Almost similar results have been 
obtained by me in other districts. 

In the paper I read before the British Associatico 
last year, I endeavoured to point out vthj such 
results should be expected, and as I hope to con- 
tinue my observations in connection with aevezvl 
other works I have noW^in hand, I may hereafter 
be able to throw some new light on tms interost- 
ingand important question. 

There is no doubt that since the publication of 
the facts and papers above referred to, many men 
of great intelligence have admitted to me that, 
after careful observation of the floods below the 
different new river works, they were beginning to 
think that the views I entertain on the subject are 
very nearly right, namely, that althou^ under 
drainage may slightiy increase the v^uone of 
floods m winter ^m the uplan<k, still, by pro- 
viding a suitable channel of sufficient capacity 
through a somewhat flat river valley, that it has 
the effect of equalising the flood discharges through 
the same by drawing off at the oommenoemesit of 
the floods from the inner portion of the river basin 
(before the floods from the more distant portian of 
the same basin reaches them), some of uiat flood 
water which before the execution of the works 
would have coyored the river valli^, and which, if 
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left there, would have prolonged tiie duration of flood volumes may not have been i 
the floods, when passinff from the surface of the appreciable degree, 
valley to the lower reaches of same valley, while at 
the same time under drainage does certainly 
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same _ 

increase the summer flow by gradually drawing 
off the water, which would otherwise escape 
by evaporation in summer, when most required 
for use. 

Mr. Benton, when giving his evidence before the 
Lords* Committee, in 1877, above referred to, is 
represented to have estimated the extent of land 
systematically under-drained in England and Wales 
at 3,300,000 acres, or, approximately, about one- 
twelfth of the surface of England and Wales ; as 
some of this drainage is likely to bevery impetfect 
this may fairly be considered an over-estimate. It 
is known that most river basins are composed of a 
very undulating surface, embracing hills and some- 
times mountains, so that the flood waters are in 
constant motion over the same. If, therefore, the 
flood volumes from eleven-twelfths of the basins 
in England continue to reach their river valleys in 
the same volumes and at the same rate in 1879 as 
they did 300 years ago, the eleven-twelfths not 
being under-drained, how can it be possible, admit- 
ting for the moment that there may be a small 
increase, theoretically speaking, in the floods from 
the one-twelfth of drained land, that such a slight 
increase from one-twelfth of the surface of Eng- 
land and Wales could increase, to any appreciate 
degree, the eleven-twelfths of the unaltered flood 
volume from land not under-drained. 

Again, I believe it will be generally admitted 
that there is but a small fractional quantity of the 
mirface of each river basin actually covered with 
water in flood time. The average proportion of 
land covered by the floods in river valleys in Ire- 
land does not exceed four and one-fifth per cent, of 
the entire river basin, and as the surface line of 
these floods have all more or less a considerable de- 
clivity, the whole of the floods from the 95 per cent, 
of the river basins must continue to flow into the river 
valleys at the same rate before and after the exe- 
cution of any works in these valleys, so also must 
they continue to flow out of these valleys, on 
account of their declivity, for it is, I beb'eve, ad- 
mitted by the majority of engineers, that there is 
but a small fractional portion of river floods 
actually covering the surface of the lands com- 
pared with the large volumes rushing down the 
rivers. It is, I think, unfortunate that so many 
men of eminence still hold to the opinion that the 
destructive effects of modem floods are, to any 
appreciable extent, due to the extension of under- 
drainage. 

What I fear is, that hasty legislation, based upon 
this latter theory, will become so unpopular, 
should it give the power to any constituted body 
to tax the dry up-lands on the side of a mountain 
in one county, for the beneflt of reclaiming flooded 



ultimately retard rather than promote the forma- 
tion of Conservancy Boards throughout the country, 
having for their object the proper regulation of the 
rivers, particularly as eleven-twelfths of the land 
in England has not been under-drained, and, there- 
fore, has not contributed to the increase of floods. 
It would be easy to point out the different causes 
all contributing to raise the flood levels in certain 
districts throughout the country, although the 



We know, however, that most river valleys are 
being gradu^y filled up now, as well as in former 
times, and that under these drcnmstances the 
multiplication of new fixed and permanent obstmo- 
tions throughout these valleys renders the forma- 
tion of some central governing authority necessary 
to check a further development of such evils. 

Having endeavoured to prove that the increasing 
destructive effects of river floods are not due to the 
under-drainage of one-twelfth of England, but 
more to the increase of towns and artificial obstruc- 
tions in the river valleys. I will pass on to the 
second part of this paper. 

On the Incideng£ of Batixo, &c. 

It was generally admitted, until very recently, 
that no mountain, hill, or other dry up-lands in a 
river basin in one county could be taxed for tiie 
drainage of lands in another county; there may no 
doubt have been exceptional cases more oiUculated 
to prove the rule than otherwise, but I understand 
that in England, in the great majority of oases, the 
tax for river improvements has been limited to the 
lands proposed to be benefited by drainage or re- 
lieved from floods as the case may be. I am, how- 
ever, in a position to speak with more accuracy as 
to the universal law on this subject in Ireland, as I 
have much to do with defining the boundaries and 
regulating the tax of several of the districts in 
which river works are now being carried out under 
my direction. The law in Ireland, down to the 
present time, is that no lands can be taxed for 
river works unless damaged by saturation or river 
floods, therefore it is only the damaged lands that 
practically constitute the district and pay for the 
improvement works. Previous to 1842, no river 
work could be formed unless the owners of two- 
thirds of this damaged land assented to a drainage 
district being formed under the central Board 
sitting in Dublin. (See Drainage Aots passed for 
Ireland in 1842-45-46 and 48.) The 9th Vic, cap. 4, 
reduced the assents required from two-thirds to 
one-half, as it was found imprabtioable to obtain 
assents amounting two two-thirds. 

Under this amended Act, 266,736 statute acres 
were relieved from the effect of floods at a cost of 
£2,390,612, but the works proved so costly, and the 
Act became so unpopular, that in 1853 the Treasury 
in London intimated that they would make no 
further advances, and accordingly no new works 
were sanctioned, another proof that central Boards 
are not suitable for the carrying out of very largo 
districts. 

Then, in 1863, owing to previous agitation in and 
out of Parliament, the Government sanctioned a 
general drainage Act being passed for Ireland, 
authorising private parties to form drainage 
districts (see Act 26 and 27 Vict., c. 88, and Acts 



lands in anotiier county, that such legislating must passed amending same), provided that two-thirds 



m value of the injured land are owned by parties 
assenting to the project, and if the two-thirds 
petition, the Government will grant the necessary 
money to carry out the works, if satisfied with the 
financial prospects of the undertaking. 

The progress of arterial drainage works in Ire- 
land, under 26 and 27 Vict., c. 88. from July 31, 
1863, was as follows :— Under this Act the works 
for 37 districts have been sanctioned, and are now 
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nearly completed. Their effect has been to drain 
and h-ee from floods not less than 71,000 statute 
acres, at a cost of £389,000, equal to an averaga 
outlay of not less than £o 9s. per acre, as compared 
with £7 per acre under the dthandGth Vict." Not- 
withstanding that the above results as regards Ire- 
land are so far satisfactory, still it is a fact that 
year by year such works are becoming most difficult 
of accomplishment, owing to the impossibility of 
adjusting the conflicting interests of the upland 
and lowland proprietors. If the lowland pro- 
prietors promote a scheme for the improvement of 
the larger and conseqiiently more costly sections of 
the rivers, the j generally ti^ to tax the upland pro- 
prietors (owmng flooded lands) for works that can 
confer no benefit upon them, while if the upland pro- 
prietors try to improve their smaller and less costly 
rivers, they are opposed by the lowland proprietors, 
who erroneously contend that their floods are made 
worse by the drainage of the uplands, &c. 

The extent to which these supposed conflicting 
interests interfere with the carrying out of such 
works may be judged from the fact that the Board 
of Public Works, in Ireland, in their report for 
1877«78, announce that from Ireland last year 
there was only one application for a new drainage 
district, so that unless subsequent legislation 
proves more successful, there will be few, if any, 
useful works of this class carried out when those 
already sanctioned are completed. 

One great defect in the Act of 1863 was requir- 
ing assents to a work amounting to two-thirds, when 
it was known that this proposal had to be altered 
from two-thirds to one-half in 1848, but although 
last year a special Act was passed again, altering 
the two- thirds toone-haJf, itis believed it will nol be 
sufficient to overcome the present state of conflict- 
ing interests, owing to the variety of tenures, and 
the conflicting interests between landlord and 
tenant. 

Another defect is, that the Commissioners of 
Public Works have the power of determining 
whether the cost of the works should be repaid in 
22 or 35 years, while the public consider that 22 years 
is much too short a time to allow for the repay- 
ment of the cost of permanent improvements. 

Lastly, the Commissioners have the power of re- 
fusing to sanction the formation of sub-districts, even 
supposing one-half of the owners of the damaged 
lands are in favour, if one-third are opposed to the 
improvements. (See Drainage Act for 1878.) 

I have reason to think that a new Act for the 
United Kingdom, drawn very nearly upon the 
same lines as thaezisting Acts for Ireland, omitting 
their defects above referred to, would confer a great 
benefit upon fhe people in the three countries. 
Under a new general Act, I would provide that 
the owners of one-tenth part of the flooded lands, 
having formed themselves into a committee, should 
be ^ven authority to apply to the Board of Works 
or the Local Government Boards (whichever might 
be considered best by Parliament^ for permission 
to make a preliminary survey ana section of the 
main river in anv river basin from the outfall of 
that basin, to whatever distance up the country 
the floods injuriouslv effected tiie lands adjoining. 

This survey should record the dimensions and 
levels of the main river, as well as all artificial 
works in same, and the approximate ordinary 
flood discharges of the previous winter from each 



of its tributaries, as well as the approximate dis- 
charge of the main river floods a little below the 
junction of each tributary, and on the sectioD 
should be marked the levels of the highest-known 
flood ; on the plan should be marked the popnls- 
tion and position of all towns and villages, sad 
their sewage works or their outfall for same, 
together with two blue contour lines. Contour 
line No. 1 should embrace all lands covered 
with flood waters. Then, supposing the sur- 
face of the floods were frozen thronghout titf 
entire river valley, contour line No. 2 should 
embrace aU the land lying 5 feet above theioe 
surface throughout the valley, so to apeak. On 
the preliminary section should be marked, by the 
committee's engineer, the height of the proposed 
embankments, or the dimensiona and chuacter of 
the proposed excav&tions and other new works. 
The committee should then forward a petition to 
the Board of Works, or Local Gbvemment Bond, 
defining the different subjects to be treated, and 
asking them for a report on the project. 

No further expense should be inoarred until the 
central authority above referred to received a report 
from tb eir engineering department, defining the sub- 
districts into whidi it would be practicable to sub- 
divide the river basin, according to the position of 
the natural falls in existing fio^ levels (Imeanbj 
natui^ falls, tbat the fioods in a river valley mij 
have nearly uniform gradients for long distances, 
but that at the end of some 20, 30, or 50 miles, a 
fall of several feet may be concentrated within s 
space of half a-mile, and the division of a sub- 
district might terminate on the down stream side 
of that half-mile or natural fall), revising, if 
necessary, the proposed scale of works, while 
pointing out the order in which the woiks in 
the sub-districts could be carried out. Should 
the report state that, from an engineering 
point of view, the work was praotioable, then 
the Local Government Board could make an order 
defining the sub-districts. This order should 
alFO define the proportion in which each of the 
sub-districts should contribute towards the cost of 
the preliminary survey, and cost of provisional ardet 
up to that time, based upon the land within oontoax 
line No. 1 on petitioner s map, at a fixed rate per 
acre, the money to be paid to the coomiittee 
through the Local Gk>vemment Board or Boaid of 
Works, should the project have been reported upoo 
as practicable from an engineering point of view. 
One year should be allowed to the petitioners to 
ascertain whether the owners of one-quarter of the 
damaged land in each sub-district, as marked on 
the preliminary plans, would aasent to the fonnt- 
tion of a local Board to cany oat their aab-diviflion 
of the work, the cost to be borne by the damsged 
lands in proportion to the benefit derived, le» 
whatever proportion of the total cost of the wori 
might, by arbitration, be assessed on the towns 
and villages, owners of milts and fisheri«, thst 
would be benefited by the new works. 

No portion of the money, however, should be 
raised, nor any part of the work commenced, nntil 
the schedule denning the proportion in which the 
different interests uioulcl contribute was fioslly 
determined, the schedule in the first instance to be 
prepared by the local Board, all matters of dispute 
as to values to be determined by arbitzation. 

The general Act should provide thai upon sU 



101 



matters of dispute as to scale of assessment being 
finally settled, authority should be given for the 
Treasury to grant a loan for the works, principal 
and interest to be repaid in 35 years, and in excep- 
tional cases, where works were very heavy and 
costly, say in 45 years. 

Should the loan for the works be granted, then 
all preliminary expenses incurred between the 
completion of the committees' preliminary survey 
(previously paid for) and the granting of the loan, 
should be paid out of the first instaunent of the 
loan. 

If from any cause, however, the loan was not 
asked for or granted, then the sub-district Board 
should have to assess themselves for the expenses 
incurred; this latter condition would be the ''main 
spring " of the whole scheme, as all would have a 
strong induc€:ment to surmount any little local 
difficulties that might exist, rather than to pay for 
the expenses incurred by the new sub-district 
Board, without obtaining any benefit beyond 
having the plans for a future occasion. 

The preliminary schedule accompanying the pre- 
liminary maps might, in the first instance, con- 
tain one quantity for the land, and one sum for 
the approximate increase in the- actual value of 
the land when protected from floods or drained, 
as the case maybe, within each sub-district; or 

Sossibly for each of the townlands or other 
enominations marked on the preliminary plans, 
BO as to avoid the expense of preparing the de- 
tailed surveys and valuations, which should con- 
tain the contents of each parcel of ground, its 
present actual value, and probably increased value 
and decimal proportion in which the dijGPerent 
interests should contribute, until after it is known 
whether the sub-local Boards would be in a position 
to adopt the report of the Local Gbvenmient 
or other authority defined by Parliament. 

Thus at a very small expense the preliminary 
and general design for river conservancy or drain- 
age works could, at the outset, be submitted to 
one central authority, so as to ensure that the 
proportion and scale of the proposed new works 
should be uniform throughout the whole river 
basin, in proportion to &e flood volume to be 
discharged by the different sub- districts, while, 
at the same time, enabling each sub-division of 
the work to be carried out by each sub-Board in 
proper order, and with the same uniformity as 
if the whole main outfall works had been let under 
one contract. 

This method would also have the advantage of 
enabling each sub-district to ascertain more closely 
than by any other method what the approximate 
cost of their divisions of the work would be before 
oommoicing them. 

The above is a mere outline of a proposal which, 
if I had time and space to develop, would, I be- 
lieve, be found to get rid of some of the principal 
defects in the law, as it now exists, relating to 
river conservancy works; I know it would get 
lid of the great difficulties now met with in Ire- 
land. Unless the people in flooded districts, 
throughout the kingdom, can be furnished with 
]nexi>entive surveys, showing how their different 
interosts could, at a comparatively small outlay, 
be beneficially effected, it will, I think, be f otmd 
impracticable to induce them to work harmoniously 
and for their own benefit. At least, this has been 



my experience from 1856, during which time I 
have been instrumental in bringing about the for 
mation of several sub-districts, but not until I had 
to overcome much opposition and difficulties. It 
would, I think, be premature to form any definite 
opinion of the River Conservancy Bill that has 
been read a third time in the House this session, 
until it is seen how the Commons are likely to deal 
with it. I cannot help thinking, however, thst 
should this Bill in its present form become law, it 
is likely to become an unpopular measure in 
England, on account of the power it would give 
to tax a dry, hilly, or mountainous district in one 
county for river conservancy works, or the drain- 
ing of wet land in another county (purchased 
perhaps, a few years ago for a small sum of money) ; 
and although it is not proposed to extend the Act 
to Ireland, still it would prevent the owners of 
fiooded land in that country, assenting to any new 
works, in the hope that a similar Act would be 
passed for Ireland. While the law having for 
generations secured the owners of dry up land in 
Ireland from contributing towards the drainage 
of wet lands, they would be forced to get up an 
agitation that would for years prevent any extension 
of river conservancy works in that country, and t 
am inclined to think the same objections may apply 
to England. If it can be shown that a River Con- 
servancy Act, based somewhat on the above propo- 
sal, would undoubtedly confer a benefit on one 
part of the United Kingdom, it can do no harm to 
carefully consider whether the same Act might not 
be made applicable to the whole country. 

In the event of Parliament requiring that aU 
interests proposed to be taxed for river conser- 
vancy works should be represented in proportion 
to their interest, on the Boards having the powers 
to tax them, I much fear that as over 90 per cent, 
of the land in each river basin would be above 
the infiuence of river fioods, that the owners of 
that land would be powerful enough to success- 
fully resist or defeat any proposal to tax their 
lands for river works, required to relieve from the 
injurious effects of fioods or pollution the remain- 
ing 10 per cent, (in many cases not so much) of 
the river basin, and possibly belonging to another 
set of proprietors, while the scheme I propose 
would avoid this latter danger. 



RIVER CONSERVANCY, ILLUSTRATED BY 
DRAINAGE ADMINISTRATION IN HOLLAND. 

By J. Clarke Hawkshaw, tfemb. Inst. OX. 

The word ** Conservancy," when appUed to 
rivers in tfhi» country, has generally hitherto been 
held to mean the keeping of them in a fit state for 
navigation. When our rivers were more used 
as highways, most of them had Conservancy 
Boar£ for navigation purposes. As long as 
such bodies prospered, our rivers were xept 
in far better order than they now are, not only 
for navigation but for other purposes. Some 
of these Boards have disappear^, some remain, 
and still retain their powers, but many are 
unable, for want of funds, properly to do their 
duties. 

For this reason, and from the growth and 
spread of population along the xiver banks, new 
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lonns of conservancy have become necessary. 
Pollution by town refuse led to the passing of the 
Bivers Pollution Prevention Act, m 1876. The 
greater frequency of floods during late years has 
made it plain that conservancy for their prevention 
is necessary, and has given rise to the Bivers Con- 
servancy Bill of this Session in Parliament. 

Land Drainage Boards we have in plenty; each 
one does something, often little enough, to ward 
off floods, in its own district. But their sphere is 
too limited, they rarely look beyond their own 
narrow banks, and they will not work together. 
What we want to find out is how to control and 
direct their work, so that, when possible, it may be 
made to benefit all, and also to aid it by works 
which no one of them could undertake. 

Bome advance has already been made towards 
the same end in other countries, and we may help 
ourselves in our difficulty by seeing how it has been 
met elsewhere. 

Of all neighbouring countries, Holland has the 
most artificial system of drainage. The very 
existence of the country depends on the water in 
and about it being kept under proper control by 
artificial means, and this has been the case from 
very early times. We might therefore reasonably 
suppose that the necessity for laws to control and 
provide for the management of rivers and water 
channels would soon have been felt in Holland and 
«ttch we find to have been the case. 

Unions for drainage purposes of all lands, high 
and low, have ezistea in Holland for several 
centuries. Such unions are called *' Waterschap- 
pen," and their oldest charters date from the 13th 
and 14th centuries. 

In early times, the Boards of the Waterschappen 
were composed of the already existing corpora- 
tions, and the Government of the day named 
persons called ''Heemroden'* to control and 
superintend the land drainage works which the 
ooroorations carried out. 

Under these corporations no great progress was 
mode until the Idth century. As the importance. 
of the works which were undertaken increased at 
that time, so also the necessity then arose for a 
moreoomplete organisation, to supervise andcontrol 
them, and more miportant adnunistrative unions, 
called ** Hoogheemraadschappen '* were accord- 
ingly instituted on a basis which has remained 
practically unchanged to the present day. A 
Moogheemraadechap is a Waterschap, whose 
Board is composed of a **DykgTaaf," or president, 
and " Heemroden,'' or directors, with power to 
execute and maintain all the drainage works in 
which the inhabitants of their district have a 
common interest, with power to contrdlall theminor 
works carried out by the small drainage corpora- 
tiona or '* Polders " and to enforce obedience on the 
port of private landowners and Polders to such 
jbws as they may from time to time make. 

The following powers are possessed by all the 
Waterschappen : — 

1. In cases of emergency, when floods are im- 
minent, they may execute works, or remove existing 
works, at the expense of those who should execute 
or remove them, but who foil to do so. 

2. They may appropriate any materials which 
may be of use in repelLng floods. The compenso* 
lion to the owners to be settled afterwords. 

d. They may take the earth required to make 



new or restore old embankments. The oompeoso- 
tion to the owners to be settled afterwards. 
4. They may levy rates to defray their esxpenses. 
They may, moreover, by a law of 12th July, 
1855, inflict a fine, not to exceed 25 florins, or im- 
prisonment for from one to three days, for infring- 
ment of their regulations. The interventiooa of a 
judge is required, however, to legalise thesa punish* 
ments. They may also shut up oc put out of use 
all the watermiUs, sluices, or other works by which 
interference with their regulations has beenbroaght 
about, and this may be done at the expense of the 
offen(^g owners. The Hoogheemraadschap of 
Bhinelaud is one of the most important of the 
large drainage districts in Holland, axkd I will 
describe its constitution in somewhat more detail^ 
from information kindly f umiBhed by its president, 
Mr. J. S. Olercq, and by Mr. J. WaldcRp, the 
eminent Dutch engineer. 

Its first charters were granted by Williani II., 
Count of Holland, in 1255, and by Count Fiona V., 
in 1285. It extends from Amsterdam to Gboodo, 
over an area of 262,685 acres (106,282 hectares). 
It is bounded on the north by the margin of the 
recently redouned Lake Y, on the west by the 
North Sea, and on the south and east bv the 
Hoogheemraadschaps of Delfiand and Amstelland, 
There is an adjoining district of Woerden, 41,91im 
acres (16,990 hectares) in extent, which pays a fixed 
contribution for certain sluicing privileges, bat 
which forms by itself a separate Waterschap. 

The administration of Bhineland oonsi^ of a 
combined board, composed of 16 chief or princ^jol 
landowners, six members, called Hoogheemraden, 
and a president, called Dykgraaf . The Dykgroal 
and six Hoogheemraaden form an executive board, 
over which the Dykgraaf also presides, and which 
is assisted by a secretary, a receiver, and a civil 
engineer. 

Besides the 16 chief landowners, there on 16 
chief landowners assistant. The two together form 
an electoral body of 32 in number, which meets 
once a year, to select three persons, eitha* for 
Hoogheemraden or Dykgraaf. This lii^ is sub- 
mitted to the king who chooses one of thoee named 
in it to fill the oface. 

No one under 23 years of ago can be a member 
of the Board, or a member of the electoral body, 
and in order to be elegible for the office of Dyk* 
graaf or Hoogheemrad, a person must be the owner 
of at least 62 acres f 25 hectares) of land in Rhiae- 
land, and chief landowners, and chief landowners 
assistant must own at least 50 acres (20 heoteresV 
Relations neara than the second degrea cannot 
serve together. 

Bhiodand is divided into 16 electoral distrkte, 
each of which elects one chief landowner and 09m 
chief landowner assistant. All persons, ootmponics, 
and coiporations paying yearly taxes for not less 
than 2^ (1 hectare) nave a riffht to vote. His paymMit 
of taxes on 2^ to 12^ acres ^ to 5 hectares) gives the 
right to one vote, and so on up to 200 acrea (^ 
hectares) which gives the right to the maximum 
number of votes, which is ten. The vote may be 
given by written procuration. 

All the members of the comuiiied Board, includ- 
ing the Dykgraaf, and also the chief landowners 
as si sta n t who serve only on the elsotoal Board, ai« 
elected for six years, sad a oertoin naiaber raiire 
each year. 
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The combined Board has charge of everything 
connected with the constitution of the district ; it 
decides on the recnlations to be enforced, and on 
the measures to oe taken to enforce them; it 
decides on the exeention and manner of carrying 
out all new and extraordinary worhs ; it determines 
the light to pump or sluice on to the general 
bosom or upper catohwater ; it buys, sells, and 
leases the property of the Hoogheemraadshap ; it 
dmdes when action shall be taken in the courts 
against those who fail to comply with its regula- 
tions ; lastly* it settles all disputes between the 
landowners or minor polder Boards. Against its 
deeitions in such cases appeal may be made to the 
Dqmty States of the prorrince ; in the case of Bhine- 
land, to the Deputy States of North and South 
Holland. 

The eseontiYe Board, eoBsisting of the Dykgraaf 
and Hoogheemraden has charge of the execution 
of the resolutions of the combined Board. In cases 
of emergency, it may act independently, and at such 
times it may carry out any works it thinks neces- 
sary, may make banks, occupy land, and take any 
materials it may require from adjoining oooupiers. 

The executiye Board may order the removal of 
sny obstructions which interfere with the drainage 
of the district, or it may remove the same at the 
cost of the owners if they fail to do so; it regulates 
all deep excavations, whether for peat or other 
purposes; it sees that proper precautions are 
taken to |»event the sand of the sandhills from 
blowing awaT ; it fixes the level at which the water 
has to be maintained in the different catch waters or 
bosoms.; it controls, in fact, all works affecting the 
drainage of the district. 

The Executive Board publishes the regulations, 
and sees that they are enforced, and it keeps a 
correct register of all the taxable lands of the 
district. 

The Dykgraaf is charged with the executioa of 
all the resomtions of the Executive Board, and he 
has control over aU the ofiUnals of the Hoogheem- 
nadschap. In cases of immediate danger, he may 
act mdependently, with the full power of the 
Board. 

The regulations prepared by the executive 
Board, a&r being open for public inspection, 
for 14 days, are submitted to the combined Board, 
who send, them with or without modification, to 
the Deputy States for approval. After bein|^ ap* 
piovea by the Deputy States, they are publuhed, 
and eight days afterwards are in force. 

The yearly budget, which includes the salary of 
the Board and its oflBcers, the expenses of the 
Board, the cost of maintainance of all ordinary 
and extraordittaiy works, and all other expenses, is 
prepared by the Executive Board, is settled by a 
general meeting, and has then to be approved by 
the Deputy StiUes of the province. At the same 
time, the tax to be paia by the landowners is 
■ettled for the following year. The tax is fixed 
at an equal rate per hectare (with a few excep- 
tions, resulting frmn old coatracts, or for reasons, 
which will be referred to later on) and is the same, 
whether the lands are high lands, or low lands. 
Uncultivat^ sandhills, and the water area of the 
bosom, and bosom canals are free from taxes. The 
avera^ yearly tax paid during the last 50 years 
in Bhmelandy has been one shiUing and four-pence 
per acre (two florins per hectare); the maximum 



tax in any year was two shillings, and the mini- 
mum eight-pence per acre (three florins, and one 
fiorin per hectare). 

The Budget, auer hems open for public inspec- 
tion for 14 days, is printed and published, and the 
same course is pursued with regard to the amount 
of receipts and expenses for the past year. 

AU payments are made by the Beoeiver (Bent- 
meester) and the certificates are signed by the pre- 
sident and one member of the Executive Board. All 
other documents are signed by the president and 
secretary. 

The taxes are paid in accordance with the regis- 
ter, which contains a correct description of all the 
properties in the district. This register is open for 
public inspection, during a fixed period. 

If Bhineland neglects to execute necessary 
works, the Deputy States may order the execution 
of them, or may undertake them themselves, and 
charge the cost to Bhineland the Deputy States 
may also propose to the King the dismissal of the 
Dykgraaf or Hoogheemrads, when they are either 
inefficient, or when they fail to carry out the 
requirements of the Deputy States. In all cases the 
Sing decides between the two. Any information 
whidi the Executive Board may require from the 
Polders Corporations in Bhineland, must be sup- 
plied by them, and they must submit to the Board 
their yearly budget, and an account of their 
administration. They may, however, appeal to 
the Deputy States against the Board's decisions. 

In the years 1854-5, the Provincial States of 
Ncvth and South Holland settled general rules for 
the admimstration of the Polders Corporations, 
230 in niimber, over which the Bhineland Board 
has general control. Each Polder has its own 
special rules. 

Any resolution of the Hoogheemraadsdhap, or 
of the small administrations of Bhineland, may be 
annulled b^ the deputy states, if it ii contrary to 
law, or if it ii against the interest of Bhineland, 
or that of the province. The only appeal in such 
an event is to the Kin^. 

Such is the administration of the important 
district of Bhineland. Other districts through- 
out the country are governed in a simuar 
manner. 

It is generally thought in Holland, that the 
existing laws are all that is required to secure the 
good administration of the Waterschappen, and 
smaller drainage districts, or Polders, which they 
include. In confirmation of this opinion, I am 
told that disputes between the different interests 
in the large oistricts do not often happen, and tibie 
right of appeal to the Deputy States against the 
decisions of the different Boards is very seldom 
used. It is, however, thought that a law is re- 
quired to regulate the relations of the large dis- 
teicts to one another, to the towns, and to the 
navigations. Tet, although the want of such a 
law has long been widely felt, the landed interest 
in the chambers, who are most interested in ob- 
taining it, and who are, moreover, in a position to 
do so, kave not yet ventured to move for it. The 
administration of the Waterschappen and Polders 
is so good, and all interests witmn them are now 
so weU protected, that there is great relnctanoe to 
take anv steps which may^ tend to distnrb or lo ae en 
the authority of the eodstingBoards. 

In a flat country like Holland, waU-daiaed 
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natural drainapie districtB do not exist. When 
drainage distncts are not divided by natural 
bonndaries, the interests of those which adjoin 
mnst often be opposed, owing to their making use 
of common channels for the discharge of land 
water, or from other causes ; and hence arises the 
necessity for a law to regulate their mutual rela- 
tions. In this country, no such necessity need 
arise, if the boundaries of the combined drainage 
districts are made to coincide with the natural 
boundaries of the river basins, which are well 
defined, pxcept in limited areas, luch as are met 
with in the few districts of the Eastern Counties, 
where flat, aUuvial tracts stretch across the lower 
courses of two or more rivers. 

The whole of each natural drainage district 
should be under one Conservancy Board; above 
all, it is important that the outlet, by which the 
waters of the district are discharged into the sea, 
should be under the same control as the rest of the 
district. On many rivers, it will be found that the 
cost of the works inland will depend, to a great 
extent, on what can be done to improve the out- 
lets to the sea, and, if these outlets are not, in 
some measure, imder the control of the Con- 
servancy Board for the river, their difficulties and 
expenditure may be very much increased. 

If Conservancy Bouds are formed for drainage 
purposes with only partial jurisdiction over a river, 
they will always oe able to drain their land, 
though, perhaps, at greater cost, without the co- 
operation of tbose situated lower down on the 
course of the river. But those so placed lower 
down will not save their pockets by not forming 
part of the same conservancy district, for unless 
they make provision for the more rapid discharge 
and greater volume of flood water, which will 
result from the works carried out above, they 
must suffer, more or less. This has happened in 
many places already, when works have been 
carried out by landowners on river banks without 
the co-operation of, and without regard to the 
interests of those lower down; and the same thing 
may happen if the drainage area near the river 
mouth IS not under the same control as the rest of 
the river bann. Many of our ports are liable to be 
inundated by high tides, landwater floods, and 
combinations of the two. If the flood waters are 
passed to tiie sea more rapidly by improvements, 
this liability may be increased. It is therefore 
most desirable that no part of each natural drain- 
age area should be leit out of the union for con- 
servancy purposes, least of all the lower parts 
adjoining the sea. If all are included, the interests 
of all can be watched and considered, and the best 
results may be obtained at the least cost. 

In Bhineland, all lands, high and low, are 
obliged to contribute, in proportion to their 
acreage, to the general rate raised for the purposes 
of the Waterschap. (Generally, the amount of the 
rate is the same, per hectare, for aU. Exceptions 
are occasionally made in favour of some uaxda — 
when it can oe proved that no benefit whatever 
can be derived by them from the works for which 
the rate is raised. In such cases the tax is not 
wholly remitted ; the lands are taxed at a lower 
nte. The principle that all lands, hi^ and low, 
should contribute, is, I think, fair and right, but 
it may appear unjust that the rate should ever be 
of the same anoimt for the two descriptions of 



land. It must, however, be borne in mind that 
in Holland lowlands bear a very much larger 
proportion to the total land than in this country. 

For example, the total area which drains into 
the general bosom of Bhineland is 302,600 acres 
(122,450 hectares). Of this, 26,740 acres (10,821 
hectares) only, that is, less than one-eLeventh 
of the whole, consists of high land. This lies 
wholly within the district of the sandhills along 
the coast. 

Of the remaining area 35,689aeres (14,442 hec- 
tares) are bosom lands. These are also held to be 
highlands in Holland, but they would not be called 
so in this country, as their average levd is ten 
inches, ('25 metres) below the mean level of the sea. 
The polders or lowlands in Bhine-land lying from 
3| to 5 feet (I to 4 metres) below mean sea level, 
are 231,170 acres (93,546 hectares) in extent, and. 
lastiy, the area of the bosom canals and lakes ii 
about 9,000 acres (3641 hectares). 

The bosom lands serve a special purpose in Hol- 
land. The water is pumped from the polders or 
low-lands into the bosom canals which mn 
through the bosom lands, and it passes by them 
through sluices to the rivers or the sea. The 
bosom lands are liable to be flooded at times, in- 
deed they form an additbmal reeerroir space to 
supplement that afforded by the bosom canals and 
lakes. The bosom lands, together with the 
bosom canals and lakes, form the general bosom of 
a district. Flooding of any part of the polders is 
of the rarest occurrence. QRie pumps on which 
they are dependent are never stopped until the 
water rises to such a height on the oosom lands as 
to endanger the banks iniidh divide them from the 
polders. If the banks were to give way, all the 
water stored on the bosom lands would inundate the 
polders. Bather than risk such a serious flood, the 
pumps would be stopped, and the ninfaU would 
be allowed to accumulate on the lowlands for s 
time. 

In the Fen districts of this country much of the 
land corresponding to the bosom land of Hollaad 
has been separated from the general bosom, sad the 
receptacle for flood wat^ has been thereby dimin* 
ished. Such mis-appropriations are still going on, 
and, though a few landowners gain for a time by 
them, they, as well as their low-lying nei^bonn* 
must suffer in the end. The so-called dalesiuong the 
Biver Witham were bosom lands ;*theynow formpait 
of the Fens, though the old banks which separated 
the two in former times still remain in places. In 
Holland, no such conversion of the bosom land 
into polder land would have been pennitted. 
That the area now left for bosom water is wholly 
insufficient in the Witham district, was shown by 
the disastrous floods which happened in 1877. lo 
this country there is no Board, as in Holland, with 
power to say when it is no lonser safe to pump 
water from the fens on to the boeom. Baoi fen 
continues to pump, quite regardlees of the bei^t 
of the bosom water, which may often be ruiuun; 
back over the banks to its own pumps. The banks 
must give way sooner or later, out each Um hopes 
that its own bank may not be the first to fail 
The failure of a bank may cause one or more lens 
to be submerged to a depth of five or six feet, 
whereas a few hours* cessation of the pnmpioj? 
throughout the district, might often prevent such 
a disaster. In Bhineland, by stopping the pomps 
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which drain the polders, » serious flood may always 
beprerented, but it would not always be so in 
this country, for we liave to contend with an im- 
imense volume of highland water, which is not the 
case in Bhineland. 

It is now an accepted fact that the water from 
much of the highlands is discharged more rapidly 
into the riyers than it used to be. An owner of 
high land may say, ''I bought my land subject to no 
charge for a river oonaerFancy" rate ; but with equal 
tnitii the owner of lowland may reply, that when he 
bought his land it was not liable to be overflowed 
by Uie large volume of water which the owners of 
the high lands now pour into the river by their 
improved system of drainage. But apart from 
sndi arguments, which are only of partial appli- 
cation, we principle that sdl lands snould pay to 
maintain the main channels which, directly or in- 
directly, drain them is surely a fair one. If the 
incidence of rates is only to oe determined by the 
benefits reoeiyed, very many could not be justified. 
No doubt the lowlands will benefit most, as now 
they suffer most, and they should bear the largest 
burden of the cost : the more so as they have to 
some extent rendered themselves more liable to be 
flooded, and have in many cases made the works 
which will be required to prevent floods more 
difficult to design, and more costly to execute. 

In the first instance, costly works will often 
be required; works designed only to meet local 
requirements will have to be done over again, or 
be done away with altogether ; obstructions will 
have to be removed which have grown up in the 
river dumnels, from natural causes, during years of 
neglect, or which may have been placed there to 
benefit individuals. 

But even for such works no such rate need be 
feared as the land in Holland is subject to. 
Holland has to provide an artificial drainage for 
nearly all the land ; we have, in most cases, only 
to provide that a good natural drainage system is 
kept in order, for, fortunately, the land in this 
country, which is without a good natural drainage, 
is very small in extent, when compared with the 
whole area. 

To make a satisfactory law which shall provide 
for the government by one body of such large dis- 
tricts as are drained by our rivers, is a task of 
extreme difficulty. To put it in practice will be 
more difficult. The interests which have to be 
dealt with are so many and so great that it will be 
impossible to satisfy all. In HoUand, where want 
of such a general law is more keenly felt than 
here, they nave not ventured yet to prepare it. 
Still, they are far before us in river conservancy. 
They have large districts admirably administered, 
'- and under the charge of able drainage engineers, 
and they, moreover, have recognised the principle 
that all land should contribute to maintain the 
channels which convey the water flowing from it 
. into the sea. 



vide for fertilising irrigation ; to maintain useful 
lines of navigation ; supply good water to towns ; 
and to drain malarious marshes, and make them 
healthful, profitable lands, would be to confer 
immense benefits on these kingdoms. To accom- 
plish all this is quite practicable. It has been done 
to a great extent in Ireland under the drainage 
laws, with money borrowed from the Ghovemment 
on ecuy terms. Every one of those many loans 
has been, or is being, most regularly paid back, 
with interest, by the landowners who expended it. 
The regulating of the English rivers is about to 
be commenced on a very large scale, under the law 
now being promoted by the Lord President. To 
bring rivers under the control of man, different 
regulating weirs are essential. I have reason to 
know that they may be designed and constructed 
of simple machinery, so as to very materially 
lessen the amount of excavation, which even the 
most eminent engineers have hitherto calculated 
on as necessary. Many patterns of regulating 
weirs in rivers are to be seen ; some very effective, 
many very bad. Three patterns have been for 
many years in action in the River Seine. They are 
very effective, and fulfil the important object of 
regulating that great river, with an immensely 
vflduable navigation from Elboeuf to Paris, and* 
many miles upwards. Another pattern more 
suitable to the English and Irish rivers, and more 
agreeable to our notions of permanent security, 
has been designed. The regulating weirs in the 
Shannon river in Ireland are on the same principles 
and style as those in the Severn. Solid masses of 
stone work, extending oblic^uely down stream, 
partiy like a half paral^la, without any sluice or 
fiood-gate, or fallmg-board. In the Severn they ■ 
are a success, in the Shannon they are an uttor 
failure. The reason is, that the two rivers differ 
widely in circumstances and r^^me. The Severn 
has had but one sunmier fiood m 40 years ; it has 
frequent winter fioods from the Welsh mountains, 
which rise rapidly, and cover the weirs several feet 
deep. The surface of the river just below the weir 
rises so high as to be very nearly level with the 
surface just above. Then ** the whole trade goes 
over the top of the weir, where the river surface is 
practically level." The late Mr. Williams, the 
Severn engineer, stated he has seen '' a whole train 
of vessels, half a mile lon^, behind a steam- tug, all 
taken over the weir, without knowing where it 



rHE SANITARY STATE OF THE VALLEY 
OP THE RIVER SHANNON REFERRED TO 
BAD REGULATING WEIRS. 

By Jamas LyBam, G.X., of Ballinasloe. 

To regulate the fiow of rivers so as to restrict 
them from doing evil, and to lead them to do 
Sood ; to prsvent in jurious inundations, and pro- 
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The Marquess of Ripon asked— Have weirs on 
this principle been built anywhere else than in 
the »evem? Mr. Williams answered— No. The 
adoption of this principle was the result of six 
weeks' discussion we had in Parliament in 1842. 
The Marquess of Ripon— As it has been in opera- 
tion there for 35 years, is it not curious that it 
has not been adopted elsewhere ? 

The Shannon Commissioners, composed of five 
eminent engineers, adopted that principle, and built 
six sudi weirs across the Shannon. Thev are great, 
broad solid masses of stone, in plan resemoling a half 
horseshoe, extending down stream obliquely for 
1,100 feet length, where the river just above is 
but 400 feet wide, as at Eillaloe and Meelick. 
But though these weirs have improved both drain- 
age and navigation in the Severn materially, at 
described by 'Mr. Williams, in his evidence re- 
ported by the Select Committee of the House of 
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Lords in 1878 (see evidence, pages 162, Ac.)) they 
have not at bH improved tiie drainap;e of the 
Shannon, whose (nrcnmstances diffiar widely from 
those of the Severn. 

The Shannon, for 111 miles above S[illaloe, 
flows through a broad flat valley, with a fall of 
but 36j feet, apparently 4 inches per mile. But 
of that length 50} miles consist of broad deep 
lakes, having an area of 75.000 acres, capable of 
storing 6,000 million cubic feet of surplus flood- 
water. Broad, deep channelB of the river between 
the lakes, of the aggregate length of 55 miles, are 
BO capacious as to carry the flood- waters with a 
fall of merely 1 inch per mile. For 4 miles the 
ohannel is confined, causing a little obstruction to 
the floods. But the parts of the channel that are 
material obstructions, visible to the eye, are but 
two, about a mile long in all. From ^ese cir- 
eumstances it would appear that the Shannon 
may be very easily regulated, and its valley 
drained; ana so it may, if proper regulating 
weirs were adopted. The present soHd, wholly 
immovable weirs are the great obsiaructions 
in the Shannon. In dry summer weather 
they serve the navigation, and do no harm 
to the low lands, which are from two feet 
to five feet over tiiie legal level of the naviga- 
tion. In wet weather, which often happens 
in spring, summer, and autumn, they do 
very great harm to the land. As the surplus 
waterincreases from the rainfall, andfinds nocorres- 
ponding increased outlet at the weirs, it rises with 
ever]^ successive rainfall more than it can fall in 
the intervals, imtil it fills the river and lakes to 
the level of the low lands, or an inch or two under 
or over these lands. These conditions exist many 
years, during long periods in spring, summer, and 
autumn, not continuously, but at frequent inter- 
vals. In such intervals of small floods, there is 
not time for the low lands to become dry. It 
often occurs that the river is low in March and 
April, and many small farmers plant their potatoes, 
and sow their oat crops, and afterwards the river 
rises early in May, fills the drains and trenches, 
saturates the soil, and rots the seed. Such almost 
continuous saturation of the soil of the Shannon 
Valley, 150 miles long, and laterally along 17 
tributary rivers, whose outlets are obstructed by 
the Shannon, is a very great public evil, so very 
injurious to the industry, the wealth, and to the 
h^th and vigour of the inhabitants. The atmo- 
sphere is much damper, and the temperature much 
colder than it should be. The land is, of course, 
fas less valuable. Kind, nutritive species of the 
grasses cannot grow; coarse sedges, and soft 
aquatic plants occupy the soil. All attempts at 
f^ffm drainage and isiprovement are impossible. 
In autumn frequent floods occur, of so small a 
magnitude, as could easily pass off by ordinary 
sluices ; but there are none, and those floods go 
over the flelds to a depth of merely a few inches 
lor a few days. But they foul the herbage, and 
make it very unwholescxne for cattle, quite unfit 
lor sheep. The losses among the cattle and sheep 
by these causes are every year material, but this 
y«ar may be reckoned by thousands of pounds. 
1 have seen the cro^ onlx>th sides of the Soannon 
lor many miles rottmg under merelv a few inches 
of flood water, while at the weirs below, there was 
Aolaar fall ol some feet, a cataract over eacb weir- 



wall. On one occasion I noted the falls over the 
weirs, when the valley was flooded by only from 
one foot to two feet of water. At that time the 
whole fall of the river, from the town ol Canick-OB- 
Shannon to Eillaloe was 36| feet. Of that faO, 21 
feet were wasted in cataracts over six weirs, while 
15f feet merely were spread along the aorfiaoe pro- 
pelling the stream. 

The great winter floods make a oontiniioiis sheet 
of water 150 miles long, running laterally into 
many bays and tributary rivers, covering many 
public roads, surrounding and isolating maioy lots 
of high lands, and entering many dwelling honsei. 
In one locality, I inspected 13 dwellin^-houaes to 
flooded. The people had constructed pilatfonns of 
sods and stone under and around the fire-plaoea 
They showed me the stones and chairs cm whiek 
they stepped to their beds, where they slept witli 
several mches depth of Shannon flood water en 
the floor under their beds. The flood had then sub- 
sided 4^ inches from its highest, as I noted by tiw 
marks it had left on the legs of the beds and 
tables. Many other families had abandmed their 
homes, and gone to the neighbouring towns till 
the floods subsided, when they ratomed to live 
and sleep in such apartments, with mnoli danger 
to their nealth. 

During all such times of misery, the weir moands 
stand up firmly across the whole river, pemianait 
artiflcial obstructions to the flood waten, tobbn^ 
the river ol half of its natural fall. 

I cannot give the statistics ol diseaae and death, 
in the saturated valley of 'the Shannon. I leaw it 
to the humane minds of our phUanthg opMU to 
imagine it, and to estimate how imt this deplor- 
able condition of a large and interesting dtttriet 
of her Most Gracious Majesty's kingdosBS» ia or u 
not due to her Majesty^s Govemmeni. llieie 
mest unscientific and unsuitable weiiv wen 
designed, recommended, and built by OoveramcBt 
Gommissionei*. They have been maintamed and 
defended, with all their evil effects, dnrin|^35 ymn, 
by Government Commissioners, who have bhntlT 
refused several applications Irom pro pr i o tors fcr 
liberty to construct sluices in them. 

To the great fault in the design ol those wiidh 
immovable weirs, those CommisBonen added 
another great evil, when constructing ooe ol them, 
viz., that at Killaloe. They built it a loot higW 
than is warranted by the Parliamentary seetioa 
drawn by themselves, and reoommended to Partia- 
ment, on diagram No. 39 in their seooftd report- 
They neither asked for, nor sot any aatho ri t^ for 
that direct violation of the fiKannon ImproveMol 
Act. The Commissioners still rigidly »«»*i»**«« 
that violation of the Aet of Parliament, and with- 
out any necessity. The navigation flannel all the 
way is deep enough for the steam boate withont it. 
They refusied a formal appUoation from the land- 
owners for liberty to put sluioeB in it. 7%e cvil# 
of that illegal and unnecessary foot ol he^ht of 
the Killaloe weir extends up the Shannon 31 
miles, and laterally along eight tribataxr rivcx^ 
I have seen the hay crop rotting, and the hsrbe^ 
on the pastures all spoitod by satuxation of saooaT 
fioods, merely three to six inches deep, while tha: 
illegal, and quite unnecessary extra fcot heigiht <•! 
the Killaloe weir was proteoted and ^enistcnily 
preserved by the Qovemment ComnussMnera. 

In response to an invitatioa to mile a 
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for your meeting, I offer this, in the hope that it 
may be useful to sanitary and to river engineering 
interests. I pledge my word for the truth of every 
part of this statement. 

In the name of the many sufferers by the evil 
effects of the Shannon weirs, I earnestly implore 
the Society of Arts to give some attention to the 
very uQwholesome state of the valley of the Biver 
Shannon, and to use their great influence with the 
Gbyemment to induce them to abate the great 
public nuisances they have placed ^ere. This may 
be easily done in one year, by constructing six 
movable regulating weirs of iron and w(X)d, in lieu 
of the present six wholly immovable, uinscientific, 
and unsuitable stone weir-mounds. By their means 
all saturation in the valley would be directly ter- 
minated for ever, and also all flooding of roads and 
houses ; none but great winter floods would go 
over the lands, and those would not rise high nor 
last long, and would do some good as irziganon on 
the meadows. No great amount of excavation is 
necessary to give them full effect. 



ON THE WATER SUPPLY OP THE UPPEB 
BANN RIVER, IRELAND, AND THE AMOUNT 
OF RAINPALL UTILISBD. 



It is proposed in this paper to describe shortly 
what has been done to conserve the snrpluB water 
npply of the valley of the Upper Bann River, Hxe 
raccesB which has attended the work, and the 
smoont of the rainfall made available. 

The River Bonn rises in the ICoume Mountains, 
and flows in a northerly direction, passing through 
Lough Neagh, where it receives many tributaries^ 
until it falls into the North Atlantic Ocean at 
Colendne. Its course is 85 miles long, and its 
total drainage area, including the surface of Lough 
Neagh, is 2,345 square miles. It is thus the tkffd 
largest river in Lrelaod, being surpassed only by 
the Shannon, and the Barrow Nore and Suir. 
The meet of its branches arise at a high elevatioii, 
and have a rapid descent towards Lough Neap;h, 
thus tSordmg along their banks favourable sites 
for mills. This circumstance has been well taken 
^vantage of by the industrious inhabitants of the 
district, and contributed largely, I b^eve, to the 
establishmttit of the Knen trade in the North of 
Irehmd. The Upper Bann, of all the branches or 
tributaries of the Bann or Lough Neagh drainage 
■ystem, is the most interesting, as an example of 
the highly successful application of engineering 
Kienoe to the development ol its natural resources. 
^iUs existed on it at a very early date. It is said 
that, in 1772, there were 26 bleach mills upon the 
Upper Bann, and that the linens bleached therein 
Were well known and much esteemed in England 
and Scotland. Previous to the year 1833, the 
Water power of the river was made available for 
null purposes, by means of wooden undershot 
wheels, bat in that year the late Sir William Pair- 
^^^ ereeted the first iron breast wheel at Hazel^ 
hank nulls, and thus nearly doubled the power 
previously obtained from the water. Other mills 
H^ adopted the more efiELeieni wheel, and business 
ha?ing increased, machinery was extended. The 
^▼aataeesthua gained from the waterpowerwas so 
P^t, that the desirabUity of extending those 



advantages to every season was soon seen. In the 
year 1835, therefore, the Bann Beservoir Company 
was formed, to provide a better and more refftdar 
supply of water to the mills. They placed the 
matter in the hands of the late Sir William Pairbaim, 
F.B.S.,who, assisted by Mr. J.P.Bat^nan, P.B.S., 
surveyed the rainfall collecting grounds ol the 
river, and made an excdlent and most interesting 
report of the water-bearing resources of the ^- 
trict. He recommended the canstmction of two 
impounding reservoirB, Lough Island Beavy and 
Deer's Meadow, andone auxiliary, reservoir Oorbet 
Lough. Lough Island Beavy reservoir was first 
constructed according to the plans and vnder the 
superintendence of ]£:. Bateman, and was finished 
in thelatterpartofthe year 1839. The Corbet reser- 
voir was also constructed, but not to the full extent 
contemplated, the embankments having been 
made to impound only 11 feet 3 inches, instead 
of 18 feet depth of water. Maeb. difliciilty was 
encountered in the work, which was not fimshed 
till the year 1847. The Deer's Meadow was aban- 
doned, as the works were of a heavy ohmracter; 
and, the gathering ground being small, it was 
feared there would not be enough of water to fill 
it. Lough Island Beavy reservoir is situated in 
a narrow valley on the north-east flank of the 
Moume Moimtains, and receives three-f onrtlbs of 
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nver, a tributary of the Bann, and one-lonrth 
in the same manner frosn the Moneysoalp river, 
which does not belong to the Bann drainage 
area, bat flows into the Irish Sea near New- 
castle, about six miles from the reservoir. The 
water is impounded to a depth of 35 feet above 
the old lake, whioh existed there, and at top 
water is 430 feet above sea level, It can hie 
drawn off to a depth of 38 feet 6 indhes below 
top water. The area of the reservoir, when full, 
is 260 acres, and the capacity 270 mOlion cubic 
feet. The water is dischai^d from the reser- 
voir through two 18-ineh iron pipes, secmied in 
a eulvert built in the s<^d ground beneath the 
main embankment, and is oonduotsd by an open 
channel to a point a mile down stream, below 
the in-take, where the supply is Hfted. After 
flowing down the Muddock river for six mOes, 
the waiter reaches the Bann. In the flrrt three 
miles down the Muddock, the descent is rapid ; 
in the last three, however, the stream is sluggish 
and very sinuous, and the banks are snbieot, after 
heavy rain, to be overflowed, not only by tiie 
floods of the Muddodk, but also by those of the 
Bann. This result is rendered more oartain by 
obstructions in the Bann at the mou& of the 
Muddock river. 

These floodings, and also minor ones, oaused by 
the overflow of some of the lands when the water 
is being sent down to supply tiie Bann, owing to 
obstruction from weeds and the silting up of the 
channel, have been the source of aotionslwBig taken 
sgainst the company. This dificulty arose from a 
dispute as to wl^ttier the reservoir cosapany or 
the riparian proprietors should oteanse the stream. 
The company contended that as the river was a 
natural watercourse, over whose banks they had 
no power» and on which they oould not throw out 
the cleansings without permissiQn from the pro- 
prietors, th^ wen not bound to ekan out the 
river. The ripaiiaa proprietonH on the other hand. 



108 



contended that the company had altered the flow 
of the stream, by impounding the water at one 
season and sending it down at another, that thus 
the stream was an artificial one, and the company 
were bonnd to keep the channel clear, so that no 
inrory should accrue to them. 

When the case was first brought before the Judfi^e 
of Assize, the jury gave a yercQct in favour of the 
company ; this verdict was, however, set aside by 
the Court of Queen's Bench, and a new trial was 
granted. At tiie new trial the case went against 
ue company, and on appeal to the Queen's Bench, 
thesame wasconfirmed. The company then appealed 
to the twelve Judges in Exchequer Chamber, the 
majority of whom gave the case in their favour. 
The riparian proprietors then appealed to the 
House of Lords, where the case was finally deter- 
mined against the company. The reservoir com- 
pany, therefore, made an arrangement with the 
proprietors for the removal of the deansings, and 
cleaned out the Muddock river last summer. 
The proper supply for the mills can now be 
sent aown to the !Bann without overflowing the 
channel, and the directors have erected a gauge 
weir board across the channel, at a short distance 
below the discharge-pipes, the better to regulate 
the supply sent down. From the mouth of the 
Muddock river to Errin's weir, where the surplus 
water is lifted and taken into the Corbet reservoir, 
a distance of eight and a half miles, there is about 
dO feet of unoccupied, and 7| feet of occupied, fall 
on the Biver Bann. At this wdr, the caretaker 
daily measures the quantity of water coming down 
the river, and thereby regulates the amount to be 
supplemented by the reservoirs. The diannel of 
the feeder from this weir to the Corbet reservoir is 
about a mile long, and wide enough to take in con- 
siderable floods. The area of the Corbet reservoir 
is about 70 acres- when the water is at top level, or 
11^ feet, above the discharge outlet. The water is 
discharged through an iron sluice three feet wide, 
and capable of bemg raised one foot high ; there are 
two other unused unices of the same dimensions. 
The cost of these works has been about £30,000, 
the income is derived from a rate of £10 per 
annum per foot of fall, levied on linen bleachers, 
manufacturers, and spinners, and £5 on com and 
flax-scutch millers. The fall from the outlet of 
Lough Island Beavy to the tail water of the last 
mill is 3dO feet, of which, however, at present only 
180 feet can be rated. The dividend has not 
averaged more than three per cent. ; if, however, 
litigation ceased, and all the falls were occupied, it 
would pay very well. Lough Idand Beavy reser- 
voir has now been at work for nearly 40 years, and 
has well borne out Sir William Fairbaim's antici- 
pations of its utility in supplying water. In his 
calculations he assumed the yearly rainfall at 
I^ugh Island Beavy as 36 inches, since no extended 
rainnJl obsereationB had then been made, and at 
that time 36 inches was considered the average for 
all Ireland. He allowed one-sixth for absorption 
and evaporation, and concluded there would be 
sufficient to fill the resenroir one and a quarter 
times, on the average, in the year. As I was 
much interested in the question of the rainfall, 
and the amount available for water supply, I 
commenced, eighteen years ago, to keep a rain 

euge at Banbridge, which is about 20 miles 
the oonrse of the river below Lough Island 



Beaty. At the same time, too, I bad one erected 
at Lough Island Beavy, where the caietaker took 
tiie daily observations, and forwarded tbem to md 
weekly. In the year 1874, 1 read a paper at th« 
Belfast Meeting of the British AssodatioD, on the 
Bainfall of Ulster, for which Mr. O. J. Symoos, 
F.B.S., furnished me with the most importan: 
statistics. In the discussion on the paper, regirt 
was expressed that there were so few rain- 
gauges in Ireland, and it was resolved that 
observers should be invited, and gauges fmnished. 
as far as the grant from the Association would 
warrant, to those who asked for them. Mr. 
Symons, therefore, as Secretary of the Bainfall 
Committee, published a letter in the Irisli papov 
in accordance with the resolution. I am glad to 
say tiiat a large number applied — greater, indeed, 
than the grant could affbra gauges to, and amon^ 
them, several from the Bann DrainaM District 
and neighbourhood, for whom, by providing a few 
gauges myself , I ensured a supply. Beaideetb^ 
two already at Banbridge ana Lough Island 
Beavy respectively, there is one at the intake to 
the Corbet reservoir, kept by the oaretako; on« 
at Eate's-bridge, two miles further up the river; 
one at Hilltown, about two miles up the river, 
above the mouth of the Muddock river ; and, for 
the years 1875, 1876, and 1877, I employed the 
highest inhabitant on the Butter- monntun to 
keep one for me, at an elevation of 930 feet above 
the sea, and about three miles further up the 
course of the Muddock river than the intake to 
Lough Island Beavy reservoir. All these observen 
are inside the drainage area of the upper Bann 
river. The average rainfall for the last eeventeeo 
years at Banbridge is 31 inches ; at Longh Island 
Beavy, 46 inches ; and, for the three years meu- 
tionea above, at the Butter mountain, 83*1 indiei. 
Bince I widied to have a register of rainfall at » 
still higher devation, and Mr. Crawford (one of 
the Directors of the Bann Beservoir GonnpanT^ 
was anxious to know the rainfall at the 6eer'f 
Meadow mountain, the site of the reservoir not 
yet carried out, we jointly enga^:ed an obaemr 
there, and removed the mountain goase froa 
the Butter mountain to the Deer*a Meadov 
mountain, to a point 1,060 feet above the cei 
level. This station was about two miles fron 
any house, and the caretaker visited it wediy. hat 
after three months it was interfered with, eo it ba<i 
to be taken up. I am in hopes soon of being ahlt 
to get a man to keep the gauge at a high elm- 
tion on the other, or south side, of the Decr*« 
Meadow mountain. Basing our calculations oa 
the foregoing available rainfall statiatios, as tht 
ramf all at the level of Lough Island Beavy is 4^ 
indies, and at an elevation of 930 feet, 83 ineb«a. 
it must be still more for all elevatioDa betwtcc 
930 and 1,600 feet (the highest point of the moun- 
tain). The ridge of the opposite side of the drainac* 
area, however, is not so high, so we may aasoim 
60 inches as the average rainfall, which is aomf- 
thing less than the mean between the minimait 
elevation at the reservoir, and the Tavimnw at 
the elevation of 930 feet. The drainage area nf 
Lough Island Beavv is five square miles, and tbi 
years rainfall would, therefore, be 697 milboo 
cubic feet. The capacity of the reservoir* filled u 
38 feet 6 inches above the outlet, is 270 miUiow 
oubiofeet; or, if there be no loas from evapovatioa 
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axd abiorptioxi, thAre would be more thaa enoogli 
o fill it twice over. I find it requires a fall of 30 
aches registered at the reservoir, equal to 40 inches 
>7 calculation as above, over the whole area to fill 
he reservoir, from the beginning of October until 
he beginning of April (the season it is generally 
illed). As 23 inches fills the reservoir, there results 
k loss of two-fifths for absorption and evaporation; 
mt as the evaporation from the surface of the 
-eservoir is considerable, and there may be a loss at 
he intake from some water getting over the weir, 
vhen there is a large flood, it is more than probable 
rwo-thirds might be taken into the lake. It was, 
herefore, fortunate, Sir Wm. Fairbairnwas so low 
n his estimate of the rainfall, as it is now evident 
le allowed too little for waste. 

At the intake to the Corbet reservoir, where the 
Lrainage from 80 square miles of partly fiat and 
partly mountainous country passes down the 
iver, on comparing the amounts passed over 
Srvin's weir there, with the average yearly rain- 
all, I roughly calculate the former to be two-thirds 
>f the latter, showing a loss of one-third for 
)vaporation and absorption. In this calculation 
M) per cent, is deducted from the results of the 
voir gaugings, calculated by the usual formula, 
or the roughness and uneven crest of the weir. 
[ arrive at the value of this deduction from know- 
ng^ the amount discharged from Lough Island 
Eleavy, when the normal amount is x>assing over 
5rvin*s weir, and making the same allowance for 
he gaugings. The amount taken into Lough 
[aland Beavy over that discharged, and the amounts 
;aken into the Corbet reservoir are, of course, 
dlowed for in the above calculation. It is veiy 
nuch to be desired that Ervin's weir was levelled, 
ind made of such a form, that more exact calcu- 
Ations could be made from the daily gaugings there. 

The registries, now kept 32 years, show how 
iseful the reservoirs have been. Lough Island 
Eteavy has granted an average supplementary 
lupply of one-half of the summer standard 
liflcharge for 3,123 days, or a yearly average of 
1 00 '9 days of 24 hours, and has been empty only 
\51 days, or an average of 11 days yearly. 

The Corbet Beservoir Begister has not been kept 
(o long or as accurately as that of Lough Island 
Eteavy . From the average, however, of tm*ee years, 
t has been kept compared with Lough Island Reavy, 
[ calculate it has supplied one-half the amount, for 
il though its capacity is so small, yet as it commands 
lie surplus water of 80 square miles of drainage, 
t is ^ed several times in the year. Add this to 
;he Lough Island Beavy supply, and there is a 
^tal of 150 days supply. Sir William Fairbaim 
»lculated, that when all the reservoirs shotdd be 
nade (induding the Deer*s Meadow, and the fuU 
completion of the Corbet) there would be a supply 
>f 60 cubic feet per second for 108 days of 2i 
lours each year. As about 27 cubic feet per 
lecond has been allowed for 150 days, if we reduce 
t to 108 days, it amounts to 37 '5 cubic feet, which 
8 very nearly in the same proportion to the 
imount that can be impounded as his calculation 
wsks to that proposed to be impoim4ed. Since the 
lupply has only failed on an average 11 days 
yearly, the standard water-power may be said to 
lave been almost constantly maintained. 

From calculations made of the amount of water 
lowing down the river at Ervin's Weir, I find 



there is an average of about 5^ billions cubic feet 
in the year, and the normal flow kept up by the 
reservoirs would amount, in the whole, to about two 
billions cubic feet; so, as one-half the supply is not 
made available, there would be an advantage in 
constructing more reservoirs, not only at the 
sources of the Biver Bann itself and its other 
branches, such as the Bocky and Leitrim rivers, 
but at other sites along the course of the river 
where land is not valuaUe, to impound the surplus 
waters, as has been done to a limited extent in the 
case of the Corbet reservoir. Were such works 
carried out, about f ths or jths of the annual flow 
might be conserved, and the water power not only 
made more valuable, but enough provided for a 
sanitary supply to the towns on the banks of the 
river, the most important of which are Banbridge, 
with a population of about 6,000, and Portadovvn, 
with one of about 8,000. The latter town, and the 
neighbouring low lands in the vicinity of Lough 
Neagh, have suffered much from long continued 
fioods in wet seasons. Were reservoirs constructed 
on the other rivers fiowing into Lough Neagh, and 
forming part of the general Bann drainage area, 
these fioods would be much diminished, if not en- 
tirely prevented, for the Upper Bann's drainage 
area ia only 134 square miles, or ^fjth that of the 
Bann system. The largest tributary is tho Black- 
water river, ' with a drainage area of 626 square 
miles ; the next, the Main river, with 277 square 
miles ; next, the Balinderry river, with 166 square 
mUes; next, the Upper Bann; and the Moyola 
comes very near it, with 129 square miles. It is 
singular that, for so far, reservoirs have not been 
constructed on these rivers. A consideration of 
what has been already done on the Upper Bann 
shows that much more good might have been done, 
and litigation prevented, had the ri^er been 
imder one general management, in which re- 
presentatives of the different interests would 
have had a voice. The following interests 
should, I think, be represented ; viz., landholders, 
millowners. Sanitary Boards, fisheries and irriga- 
tion. As an instance the Bann Beservoir Com- 
pany, about the beginning of tlie year 1858, pro- 
Sosed to contribute largely to a scheme costing 
ttle money, by which the drainage of the Biver 
Muddock woidd have been much improved, and a 
lar^e amount of land set free from floods, to 
which they were previously subject, but the land- 
lords would not co-operate. 

I hope this brief description of what has 
been already done on the Upper Bann river may 
induce other districts more generally to adopt 
reservoirs, and make the water supply a source of 
wealth and health to each district, instead of 
allowing it to become injurious, both to property 
and heidth, and in many cases destructive. 

The Upper Bann was formerly celebrated for 
its trout-fishing, which has been much injured of 
late by the cUscharge of fiax steep water and other 
impurities into its course. Salmon are now pre- 
vented from ascending the stream by the weirs ; 
Eels can be taken largely during the fioods, but 
are not much sought after. Pearls have been 
found in rare instances in the river. Its water is 
exceedingly soft (about 5^ by Clarke's test^ and 
peculiarly well adapted for bleaching, which is 
extensively carried on in the various linen establish- 
ments along the river. 
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NATIONAL WATHR SUPPLY. 
By J. BftUey Baaton. 

I duly received fhe circTilar of the 12tli ultimo, 
inyiting me to attend the approachiog Conference 
of the Idth and 16th of May, and suggesting that 
I should furnish some further remarks on the sub- 
ject to be discussed. 

The introduction of the Rivers Conserrancy BiU 
by the Lord President into the House of Lords, 
and thejpublication of the letter addressed by his 
Boyal Highness the Prince of Wales to the Premier 
on National Water Supply, would seem to render 
it inopportune for individuals to ofFer any obser- 
vations on the " division of England and Wales 
into districts for the supply of pure water to towns 
and villages in each district,' until it is known 
how far the Government wilL initiate, and the 
Legislature will sanction, the rendering the control 
of rivers and watercourses subservient to the more 
important object of water supply. 

I venture to express the opinion that, at the 
present juncture, tne only way of bringing to a 
practical bearing the knowledge in possession of 
the country, and the evidence given before the 
several Boyal Commissions ana Parliamentary 
Committees on the subject of our water economy 
in its various phases, is to impress upon the 
Government and the Legislature that the obliga- 
tion to provide potable water of unexceptional 
purity for towns and villages situate within river 
basins, ought to precede all other considerations 
in relation to the improvement of rivers and 
watercourses, and that any action taken for their 
conservancy must fail in this one aU-important 
point, if it does not proceed upon such recognition. 
It will be observed uiat in the Bill now before the 
House of Lords no direct reference is made to 
water supply, although such is the reciprocal bear- 
ing of tnat object upon river conservancy, that it 
is liardly possible to deal with one in a compre- 
hensive way, independently of the other, without 
some prejudicial effect. 

The timely proposition of his Boyal Highness 
that there should be a central permanent Commis- 
sion, whose duty it would be to investigate and 
collect facts connected with water supply in the 
various districts into which the United Kingdom 
may be divided, '' in order to facilitate the utilisa- 
tion of the natural sources for the benefit of the 
country as a whole," must, I submit, commend 
itself to every one as supplying, in the most tan- 

flble form, the omission of the Bivers Conservancy 
ill, to which I have just referred. The suggestion 
is the more apposite, as it comes at a time when 
the larger centres of population are not only pro- 
viding themselves with water to the disadvantage 
of small towns and villages, but are rendering 
unfit for domestic use — ^by pollution — the waters 
they do not appropriate. 

It is an incontrovertable fact that, inasmuch as 
all rivers are maintained by the outflow of springs 
issuing from the water-bearing strata, and hy the 
natural conservation of the rainfall upon high 
uncultivated surfaces, it is not X)Ossible to raise 
water from subterranean sources, or to intercept 
water from high g^undsforthe supply of popula- 
tions, witibout affecting the flow of rivers and 
watercourses, while it is equally certain that any 
acts of conservancy which may lead to the more 



diMhaz^ of watttwmnM dflwendiiig frai 
the hills to tlie valleys, will prejudieadly aftel 
tiie local water supply of the dutriota tfazoo^ 
which these wat^wnirsea paas. At the smme timt. 
it is known to those who have cai«hill j sbodied tltf 
earth's stratification, thai sudi is tihe altenkaticHi of 
pervious and impervioos strata thzoQglioat this 
country, that there hardly exists a river baon, 
wherein, by special works of oomlHiiatioii or othff' 
wise, towns and villages may not be ecxmomiesU; 
served with water wiUiont any appreciable ^kd 
upon our river systems. 

What is now wanted is the reoord, in aa intdii- 
gible form, of such hydrogeologi<Md infoniuriiap u 
is already in the hands of the Geological Barm 
Department, to be supplemented from time to Urn 
with additional detuu. This would famisb the 
most useful data in the hands of any CommiflBiot 
which may, on ihe suggestion of H.B.H. the Prinor 
of Wales, be formed, and wofold make every ooi 
familiar with the underground souices of supply. 

DOMESTIC FILTBITION OF WATER COX- 
SEBVED IN TANKS AND CISTERNS, 

By J. Bailey Denton. 

There is no object connected with our dovnecEtk 
economy which has an equal influenoe upon he«ltb, 
and which is, or may be, brought so^oompleteh 
under our control, as water when onoe di^vered tr 
the dwelling, and yet there is nothing that rmllj 
receives so little attention. Impressed witii tin. 
the author is desirous of placing before ttie pabhe 
a very simple means which he has adopted, wh«n 
all the water consumed by a household for sbt 
purpose whatever may be elfeetuaUy filtered, M 
the quantity be what it may. 

For drinking, cooking, and washing of the per- 
son, including that used in baths, all waster whick 
has been in any way collected and stored ineitbrr 
outside underground tanks, or open reservoin, or 
in inside service cisterns, to whioh it may bst* 
been raised from tanks and wells, should be ivK 
jected to filtration through sudi material as vd 
most effectually remove from it any imtresdbk 
matter. This is necessary, for the simple tv««ft 
that although water delivered into a dwcUiac 
may be perfectly pure when it first entm 
either the open leservoir, or undersroand 
tank, or the service cistern, it mSirp*^ 
deterioration directly it is stored. If it is col- 
lected in reservoirs or tanks outside the dw^Uisr. 
sundry vegetable and animal matters are cmrr^ 
into them from contributing surfaces, and wbn 
there, undergo decay and putrefaction. LeavM -^ 
trees, living insects, and excreta of birds and inserts. 
soot from chimneys, and various other snbstaocv^ 
of organic origin, too, are invariably to be fi>cD4 
in all these receptacles. If it is stored in servv 
cisterns inside the dwelling, though some of tb<<jv 
substances may be absent, clouds of dual «d^ 
myriads of minute insects rise in the air from tbt 
lower parts of all dwellings, and imperceptiblt 
find their way through existing crevices and opra- 
ings into such cisterns, and soon taint thsir contftstv 
The effect of this condition on the heallh of thiv» 
who drink stored water may be verr dow wh^n 
the constitution is robust, but wiUi peraons tt 
weakly frames, and in times of Olneas, it mxaat UZ 
with certain injury. 
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The ezistonoe of these sabstanoes is shown in 
the shaiM of a filtiiy deposit, which will be f onnd 
in all receptaoles of stored water. • A close exam- 
infttion of tiiis deposit will prove it to consist for 
the most part of putrescible animal and vegetable 
substances. 

To remore these drawbacks, and at the same 
time secure economy in the use of water, the 
author has devised a means by which the supply 
to all dwellings, whether they be the palace, the 
mansion, the public institution, the moderate- 
sized house of the middle dass, or the cottage of the 
poor, shdl not only recover the purity it may have 
lost by storage, but may reach a condition even 
superior to that which belonged to the water 
before delivery. This is done by subjecting 
all the water used in the dwelling to filtration 
through carefuUy selected aerated material as it 
flows from the service cistern, to be drawn off in 
various parts of the dwelling. The arrangement 
by which tiie author eflbots this object is exhibited 
on the Society's premises, and is so simple and cer- 
tain in the peaf ormance of its duty, that no water 
can be used by either the cook, the butler, the 
housemaid, or the scullery maid in the mansion, or 
by the labourer's wife in the cottage, until it has 
passed through the filtering material, which is kept 
in an aerated condition by the automatic action of 
the filter, in spite of any neglect on the part of 
servants. 

Thb Self-supplyixg Aerated Filter. 

The filter is fixed under the cistern of the dwell- 
ing in as high a position as can be arranged ; the 
higher it is placed the wider its use, and the 
greater the benefit obtained from it. The pervioe 
pipe from the cistern becomes the feeder of the 
filter, and there being no other water used in the 
house than that which has passed through it, the 
whole is filtered as it is drawn. 

The filtcored water does not occupy the same 
compartment as that which holds the filtering 
material. G^ie two are distinct from each other. 
There are, in fact, two compartments, an upper and 
a lower one, the former containing such a quantity 
of filtering material as will constantly cleanse the 
water used in the dwelling, whatever that quan- 
tity may be, and the latter holding only so much 
fresh filtered water as can possibly be required in 
the establishment at any one time. The capacity 
of the lower compartment is made, in fact, to fit 
the actual requirements of the household. 

As the water is drawn off from the lower com- 
partment to be consumed in the kitchen boiler, or 
to be used for baths or any other domestic purpose, 
an equal quantity is admitted to the filtering mate- 
rial in the upper compartment. This reciprocal 
action is effected by the use of a ball or fioat in 
each compartment, which, acting upon a sinsle 
valve, regulates the influx. By shutting off the 
water when sufi&cient quantity has passed through 
the filter, an interim of time is gained to efiect 
that perfect ai^tion of the filtering material which 
19 the great object in view, for it is by the aeration 
which follows the passage of water through the 
material that any putrescible matter whi(m may 
exist in the water becomes oxydised, and is rendered 
harmless. 

No filter now in existence effects these objects with 
the same certainty an4 vith equal effect upon large 



as upon small quantities. Inmost filters the material 
is constantly under water,and, therefore, not aerated, 
while thoee which aim at aeration very imperfectly 
accomplish the object upon a small quantity only. 
In the ** Self-supplying Aerated Filter," the air 
circulates above and below the material, and as 
water is 800 times heavier than air, and air must 
necessarily take the place of the water in the 
material, as soon as the water has passed through 
it, a constant change of water for air, and air K>r 
water, is kept up. 

It was this characteristic of the filter that in- 
duced the author to christen it the " SeLf-supply- 
ing Aerated (Oxydising) Filter." He prescribes 
no especial filtrating material, but leaves the 
selection to be governed by the character of the 
water in use. He himself has found that burnt 
earthenware, or stoneware, such as sanitary pipes 
are made of, broken small into a granular con- 
dition, and mixed with clean fine sand, forms the 
beet material for ordinary use. He uses no other, 
though in certain cases animal or vegetable char- 
coal may be superior, if it is frequentlv changed, 
and never used a second time until it has passed 
through the fire again. 

Gare should always be taken to fix the filter 
within ready reach, so that the material can be 
examined, and removed, washed, and returned, or 
changed for fresh material, as often as necessary. 

The ** Self - supplying Aerated (Oxydising) 
Filter ** has been patented more for the purpose of 
securing good workmanship in its oonstructiont and 
proper skill in fixing it, than for any pecuniary 
advantage to be gained from the patent. And it 
is with toe object of drawing attention to an im- 
portant deficiency in our ordinary domestic ar- 
rangements that this, paper is read, not with any 
idea of promoting the commercial success of a new 
invention. Messrs. Merryweatber and Sons, of 
Long-acre, are the makers of the filters, and they 
supply them of a size and with the material suit- 
able for all establishments and institutions, publio 
and private, taking care that the filtered water com- 
partment shall be of such a size as to meet all re- 
quirements, including baths and trade uses. For 
trade uses and for stables, the arrangement secures 
the best of water without any extra labour. 

The advantages of the ** Self-supplying Aerated 
(Oxydising) Filter " are : — 

1st. That at a moderate cost all the water used 
in a dwelling, let its size be what it may, oan be 
filtered automaticaUy. 

2nd. That the only attention required of those 
who use it is to see that the ball-taps are in good 
working order, and that the filtering material is 
washed or changed periodically. In many in- 
stances a filter may be used twelvemonths without 
requiring either washing or chanfftng. 

3rd. Tha.t the filtering materiiu can be at any 
time examined, taken out, washed, and replaced 
or changed without any difficulty whatever. 



THE WATER SUPPLY OF KINGTON AND 

NEIGHBOURHOOD. 

By G. Foote, Xedioal (Nfioer of Health for Xiagton 

(Urbaii}. 

I was for nearly five years Medical Officer of 
Health to the Kington Rural, as well as the Urban 
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Sanitary DiBtriots. I now liold the latter appoint- 
ment only. 

When I was elected to the offioe, in April, 1873, 
the water supply to the several villages was, with 
one exception, as bad as could be. They were 
mainly supplied with water from the different 
streams which ran through or by them, all highly 
contaminated with sewage and other matters in- 
jurious to health ; for the privies, where they did 
exist, were either situated over the ditches which 
emptied into the several streams, or actually 
situated over the stream itself, and that was the 
case in a number of instances. The first work 
that was done under my advice was to remove the 
privies, and have the ditches cleaned out ; many 
of them were unmense elongated open cesspools. 
Then, to have fresh privies constructed, with dry 
pits, or the earth system adopted; in all cases, 
free ventilation was secured. Then, to have wells 
sunk, both public and private, wherever con- 
venient, and so doing away with the necessity of 
using llie water from the streams for drinking 
purposes. The improve/nent in the health of the 
different localities was very marked.' 

The exception I mentioned is New Badnor, 
which, though a borough, is only a village. It is 
situated at the bottom of a gorge in Badnor 
Forest, and there is a rivulet of verj pure water 
coming down the g^rge ; a pipe conveys the water 
to some of the houses, but it is inserted into the 
stream below the point where it receives the 
sewage from several cottages. The stream con- 
tinues its course through the borough, and the 
water becomes more and more impure ; but it is 
used freely for drinking purposes. Tet New 
Badnor was better supphed with fairly good 
water than any small town or village in the rural 
district. I proposed to make it perfect, which 
could have been done at a small cost. If the 
water were intercepted by a pipe, inserted some 
160 yards higher up the gorge than it is, where 
the water is free from any contamination, and 
then conveyed to the top of the town, where a 
reservoir could have been constructed, perfectly 
pure water would have been conveyed to any part 
of sny house in the borough by a continuous ser- 
vice. The plan was steadily and successfully 
opposed, and nothing has been done in the matter 
ail these years. 

In Kington, which is a small town of 2,000 
inhabitants, there is a spring of exquisite water 
issuing from an opening in the rook at the base of 
Bradnor Mountain ; a pipe conveys the water, 
which is forced up by a wheel-pump turned by 
water-i)ower, to a tank situated at the highest 
point of the town near the church, whence it is 
conveyed by a continuous service to a part only of 
the town. The other houses are supplied from 
wells, the water from which is always more or less 
contaminated, especially so in some streets, as 
tiiere are a number of cesspools in all directions. 

There is enough water in the Badnor spring 
to supply a town three times the size of Kington, 
and 1 nave for years endeavoured to persuade the 
town Commissioners to buy the water- works, and 
form large reservoirs for the benefit of the whole 
town ; my proposal has never been approved, and 
last year a poll was taken, and the inhabitants, by 
a large maiority, decided to have nothing to do 
with the scheme. Thus, in two places, Kington 



and New Badnor, which are exceptionally ^vomed 
by nature in the supply of exquisitely pore water. 
a large portion* of the population rjhue to avail 
themselves of it, preferring, f orthe sake of eoonomy, 
using water sure to be more or less contaminated. 

I have now stated what has been aocomplishcd 
for securing good and wholesome water in this 
sanitary district. From my own experience, 1 <1o 
not think that small towns or villages should be 
supplied with water, which has been collected into 
a reservoir from the neighbouring district, dtbe 
from one streamlet or many. Uxuess it could be 
carried direct from its source in a pipe to the re«r- 
voir, no streamlet can be free from matters bju- 
rious to health ; it receives all the surface drainage 
from the fields, saturated with manure of varioD 
kinds ; and, in the majority of instances, the drain- 
age also from cottages, with the foul matters from 
piggeries, &o., and I do not believe in any method 
yet discovered by which water so contamiDated 
could be filtered, so as to render it in any degm 
pure. 

In nearly every villa^ or its neighhonriiood, 
well water can be obtamed, and if there are no 
cesspools permitted within a certain area, tbe 
water, if the well is of any depth, is sure to U 
pure, as the earth itself is the only natural and 
pure filter. 

When required, well water can be easily stored 
in a tank by a littie mechanical contrivance, a&d 
so a continuous supply maintained. 



SUGGESTIONS OF A STATE BBCOBD OP 
THE SUBPLU8 WATEBS FLOWING FBOX 
HIGH AND UNCULTIVATED LANDS. 

By Charles Blagg, C.S. 

Further facilities ought to be given to the nai- 
tary authorities of small towns for combining to 
obtain tiie best supply of water within theirreaeh lod 
resources. When the sanitary authority of a imaD 
town calls for a report on the beat means of pi^ 
curing a supply of water, the engineer caUaiia 
finds— K>r may, and in fact often does find-^tbt 
his instructions are too limited to enable him to 
propound the best scheme, in point of qnahtj. 
quantity, and eoonomy of worldnR. Then an. 
in numerous instances, several small towns liin^ 
near together which have no supply of water, and 
which have separate sanitaiy authorities. Hor^ 
over, there may be, at no great distance from the» 
smaU towns, a larger town which requires a further 
supply of water, or there may be —and in fact in 
one instance at least there are — ^two such towns. 

To confine my remarks to ca^es within mj o«p 
knowledge, there are three separate local authori- 
ties in a district comprised within a length office 
miles and a breadth of two and a half mil«^ ^ 
aggregate population of which is 25,000. lu tbi« 
district there is no supply of water. At a distance 
off, there are two towns of a population of 40.0Ui)- 
taken together, and in each town the supply (» 
water is yoty inadequate, the one in point •»* 
quality and the other of quantity^ 

Taking first the three smaller towns, each has )t> 
sanitary authority, and each has called for a report 
on the water question, there having been mwr 
three reports by d^erent engineers. The i&ftIa^ 
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tioiifl to each being Hmited to the requirements of 
the one place, the engineer finds it impossible to do 
more than recommend the best of the sources in 
the immedSate neigbbonrbood, whereas if anyone 
of the engineers bad been consulted jointly by the 
three Boards, he would probably hare recom- 
mended a better plan in respect of the three 
requirements of quality, quantity, and economy of 
working. 

If we now take into consideration the two larger 
towns also, both of which are seeking means of 
impronng the water supply, but neither of which 
can do so from the present sources, there appears 
a further reason for a oombination of towns for 
this purpose. 

There ib a range of hills the surplus waters of 
which would a&rd an ample supply to all the 
towns by gravitation. The distance is certainly 
considerable, but it would probably be found not 
too great lor economy in a combined scheme. But 
when each auUioxity considers its own scheme 
nngly, it seems preposterous to go to such a dis- 
tance, and, each authority acting without reference 
to the others, no one investigates the capabilities 
of the larser and better source. 

What, then, ought to be done in all such oases ? 
It should be, if wis Conference think well to re- 
commend it, that the utmost capabilities of all 
each sources to afford a supply of water to towns 
be investigated and declared. Then each separate 
sanitary authority would know how much water is 
within its oommand, and if, knowing these capa- 
bilities, the engineer should advise that it would 
be economical to make joint works, each authority 
would add to its share of the cost of the joint 
works that of its own service reservoir, branch 
main, and town piping. 

An analogous precedent for such a record is the 
census of the population. When we want to know 
the population of a place, we do not, individually, 
coont or estimate the number, but turn to the State 
record. 60 should it be with water. The capa- 
bilities of every area of high ground to afford 
water for towns should be recorded, both as to 
quantity and elevation, and all proper sites for 
storage reservoirs should be investigated, and 
meaBured as to their possible contents. 

Some of these areas of high ground are already 
appropriated to existing supplies of water, but 
many remain unappropriatea, either wholly or in 
part. 



"ABYSSINIAN" TUBE WELLS. 

By Bobert Buteliff. 

The process of obtaining water by digging weUs 
^ of great antiquity, and that of boring scaroely 
less ancient. The particular method of obtaining 
water that it is the object of this paper to explain, 
u entirely modem. The crude idea of driving a 
tube into the ground for water is scarcely more 
^^ a dozen years old, and many of the appliances 
for driving tube wells are still more recent. In 
Aodont days, wells were national property, and 
^ttles of possession have been fought over them, 
^ow, a weu can be made in many places in a few 
'Mnutes, and the very deserts may be tapped, and 
clear springs obtained from them. Like many 
otaer dever inventions, the tube well owes its 



first existence to America, although it has been 
1 ocularly claimed as having been really originated 
by the negroes, who drove x>ointed bamboo canes 
into the &Bixih, and slaked their thirst by drawin v 
up the water through the pores of the cane. Be 
this as it may, the first iron tube weUs could only 
be driven in the very softest soils, and the tubes 
were struck on the head, which caused bending, 
injury to the screw threads, and fracture of the 
pipes. The pipes at first employed were also of 
inferior ouabty, such as are used for gas pur- 
poses, 4na were cpnte unsuited to the rough treat- 
ment and vibration that a tube well is subjected 
to. Upon the introduction of the patent into this 
country, the necessity for an improved method of 
driving the tubes became at once evident to those 
having charge of the invention. 

This process it may be of interest to describe. 
In the first place, the materials used must be of 
the very best quality, and specially tough and 
good iron is required for the tubes. The first tube 
is pointed and perforated up for a few inches, with 
holes varying from one-eighth to quarter inch. 
The point is somewhat bulbous, but only suffi- 
ciently so to make clearance for the sockets by 
which the tubes are connected together. On the 
tube a clamp is fastened, provided with steel teeth, 
so as to gnp the tube. This clamp is tightened 
by means of two bolts. Next, a cast-iron driving 
weight, or monkey, is slipped on to the tube, 
above the cliunp. The tube, thus furnished, is 
stood up perfectly vertical, in the centre of the 
trii)od ; ropes are made fast to the monkey, and 
driving is commenced by two men pulling the 
ropes, and allowing the monkey to fall on the 
clamp. It is particularly important that the bolts 
of the damp are kept tight, so that no slipping 
takes place. When the pointed tube has so far 
penetrated the earth that the damp reaches the 
ground, the bolts are slackened, and the clamp 
raised again some two or three feet. Length 
after lengtii of the tube is thus driven into the 
earth, bemg connected together by socket joints. 
It will be noticed that the tube well proper is, 
therefore, self-boring, and that no oore of earth is 
removed. 

One of the first questions that will suggest itsdf 
to a thinking mind is, will not those small perfora- 
tions be blocked entirdy up by being thus fordblj 
driven through the earth. This was the American s 
first idea, and he provided a sort of deeve, in the 
shape of a eliding tube over the perforations, to 
protect them from the earth. Experience, how- 
ever, has proved this protection to be quite un- 
necessary. The prorations are made about four 
times as numerous as is necessary for obtaining a 
full flow of water from the tubes. Earth does find 
its way into the tube-wdl in pellets, like the casts 
from a worm ; but some of the perforations are 
always left suffidently open to allow water to pass 
into the wdl, and if the soil comes rapidly into 
the tubes, it is easily mixed with water poured 
down from the surface, and drawn up by ^-inoh 
tubes, to which a pump is attached. To thoroughly 
dean and open the perforations, an ingenious con- 
trivance has, however, been utiUsed. Long before 
the tube wells were invented, a pump was manu- 
factured that, by lifting the handle, would allow 
the water to run out of the tail-piece, and thus 
prevent freesing in winter. This sudden liberating 
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of a oolumn of water that is maiatainod above its 
normal levol, is the method which is employed to 
dear out the perforations of a tube*well. In 
skilful hands, the water can be kept in a state of 
agitation, being alternately allowed to press thronrh 
the perforations, from the inside and from the 
outside ; and before the whole column of water has 
descended to the level of the spring, it is caught 
up by the pump, and a fresh supply drawn into 
the tube. In this way the pei^orations are 
syringed, as it were, free from all soft obstructions, 
SAd the ezcesH of holes over what is required, 
makes the dosing of a few by grit which is too 
large to pass through, of no consequence. This 
action of the pump is not only useful in clearing 
the perforations, but in some soils it plays a most 
important part in the development of a supply. 
When all the holes are free, the fall of the column 
causes jets of water to disintegrate the earth, and 
by this means the finer and softer particles are 
|mmped to tbe surface, and either an actual cavity 
IS formed bdow, or, in gravel, a sort of filter bed 
is left, out of which all the sand within reach of 
the pump has been withdrawn* It should be 
stated, that the first presence of water in a tube- 
well is ascertained by an ordinary plumb-line, 
which is also useful for gauging the quantity of 
earth in the tubes. Having got the tube-wdl 
into the spring from which it is to draw the per- 
forations all free, and the earth thoroughly disin- 
te^ated in the immediate neighbourhood of the 
pomt, it remains to describe the method of 
pumping. 

Until this plan of obtaining water was dis- 
covered, all pumping was done by means of a 
suction-pipe communicating witi^the well or bore- 
hole. As the atmosphere had free access to water 
in the well, the action of the pumps was simply to 
draw water out of the reservoir, and there its duty 
ended. The method of pumping a tube well is 
entirdy different ; all atmospheric pressure on the 
water in the tubes is removed at each stroke of the 
pump, and hence the supply is drawn to the spot, 
instead of simply flowing there b^ gravitation. 
Although the tube wells achieve this result as it 
were bv accident, the importance of the faciiis now 
generally acknowledged by engineers. Many 
engineers were of opinion that it would be impos- 
siUe to obtain water at all, if the atmospneric 
nressure were ezduded from the well, but they 
did not pursue their reasoning quite far enough. 
It is true there most be atmospneric pressure some- 
where on the water that we pump from, but it 
need not be in the immediate vicinity of the well. 
Perhaps it is miles away. Pumping in this way, 
we have not the tiny reservoir of an artificial we&, 
but in some cases natural underground lakes, one 
might almost say, seas of wat^, to draw from. 
Some here may recall how our army, during the 
Abyssinian war, was supplied witn water by 
these tubes, and it was the prominence whidi that 
war gave to the invention &at led to the present 
prefix to their name. For campaigning purposes 
the yrells were only used singly, as one or two 
were found sufficient to supply the wants of a 
number of troops. When however large supplies 
for manufactories, towns and villages were needed, 
a fresh devdopment in the system took place. In- 
stead of single wells of great diameter, groups of 
moderate size were driven and coupled together by 



' horizontal mains, so that powvrfol steam pamp^ 
could draw from many wells at the maam time. 
The great friction that would be oaosed by di«w> 
ing an enormous body of water to a single spot is 
thus avoided. Wells so coupled draw from a very 
large area of ground, and the water-level at any 
one spot is not sorapidlv lowered. The very actioB 
of the pump, too, in drawing tbe water to ihf 
wells, opens and maintains channels of communi* 
cation which help to keep up the levd of the wster. 
In putting down plant for a large supply of water, 
a trendi hundreds of feet in lei^gth. and aometvo 
or three feet in depth, is dug, and tubes are dnrm 
every twenty-feet, and coupled by mains » 
already described. 

It may be interesting to refer to some partiools: 
in8tanc<e, where large supplies of water are thu* 
obtained. At West Thuirock, in Esns, a cemeat 
company is pumping from two 5->inoh tube wdk. 
about 80 feet deep, 220,000 gallons per day of 
10 hours. Another oement wotkB at Northfleet is 
pumping 60,000 gallons per day. These have been 
pumped daily for about four years, and still givv 
a constant supply. As expense is an importeat 
feature, it may be mentioned that the cost of tho* 
did not exceed £60 each. The ooupled tube wdls 
are to be found in greatest numbers at the oentns 
of beer manufacture, where abundance of pure and 
cool water is cm absolute necessity. At Bartm- 
on-Tient, about two million gallons are pomped 
daily from these wells. 

A feature of particular interest to this Congress 
is the queition of purity of water supply. Tube 
wells very soon attracted the attention of ssm- 
tarians, from the fact that, being forcibly dnna 
into the earth, there is little or no possibility d 
their being contaminated by surfaoe drainage. Too 
frequently a dug well, from defeotive steining or 
other causes, becomes little better than a oesspool. 
It is also often expensive work to di^ throngli 
water which is impure, in search of pure spring 
below, and still more costly, when the good watw 
in found, to keep the bad from n rising with it 
Acddental and temporary oontamiaaltoiis are em 
infrequent in dug weUs. One of recent date oaiar 
to the author's nowledge, which was of so seriov 
a nature, as to cause a €K>vemment inquiry. It 
was found that in a certain district, sapplisd hj 
a water company, enteric fever was raging wxtk 
great virulence. No less than 352 cases ocearnd 
in places supplied with this particular oompaay <^ 
water. In a very exhaustive report to the JLocsI 
Qovemment Board, it was clearly proved that » 
contamiaatidtl of the wells, caused in a pecoliarlj 
offensive and direct way, was the origin of tk« 
epidemic. The instances of tube weUs bavin; 
been driven through ootitaminailed water, aad 
tapping pure springs below, are very XMunerooR. 
A Mw may be mentioned, where the rsselts an 
not merdy one of ofHuion, but are |»oved hj 
andysis. At (havesend, within a stone^s throw 
of the Thames, a 2«>inch tube was driven throu^dk 
contaminated water, and reached a raring at about 
60 feet, from which a samv^e was taloen, and snV 
mitted for anal^is. . The analyst, after cuinnf- 
rating the particular constituents of tbe water, 
pronounced it to be the purest he had evi«^ 
andysed, with the exception of Looh Xatriaf. 
Bear in mind that this was taken from a wiU 
situated in the last place one would ei^set to find 
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pure wftto*, namely, within a few yards of the 
Biver Thames, whioh at that poiat is quite salt, 
and charged with London sewage. A point has 
sometimes been raised, as to whether water ob- 
tained from snoh positions is likely to remain 
pure when reffularly drawn from, and, perhaps, 
severely taxed. This partioular well has been 
made between four and nve years, and subsequent 
analyses have proved the maintenance of its good 
qualities. It is used for purposes which necessitate 
a very strict watch over its excellence. The 
ships at that port fill their store tanks from this 
well, the Royal yacht among the number, the 
quality of the water is not therefore taken for 
granted. 

At Deal, another illustration of the perfect isola- 
tion of a spring was afforded. Most of the wells 
in that neighbourhood are brackish, and a supply 
of fresh water was needed for a flour-mill and for 
domestic purposes. Within the first 25 feet water 
was found in gravel, but too salt for use. The 
miller was under the impression that if the tubes 
were driven deep, firdsh water would be obtained, 
and he discouraged any further testing of the 
water on account of the delays in so doing, until 
100 feet had been driven. At 117 feet the pump 
was again applied, but instead of being better, the 
water was as salt as brine. The engineer having 
charge of the work noticed that at the depth of 
45 feet the water level differed both from mat at 
25 and that at 117 feet, and the fact suggested to 
his mind ^e desirability of testing the quality of 
this middle spring. A second tube was therefore 
driven to 46 feet, and from it quite fresh water was 
obtained. This happened five years ago, and the 
water still remains free from braokishness. 

Huodreds of other iostanoes might be mentioned, 
but these are so marked as to be sufficient for the 
purpose of illustration. 

Some waters of good quality, but containing 
sulphate of lime, i&c, are much injured by the 
exposure they get in ordinary wells, and the author 
hss heard of dug wells at Borton-on-Trent, that 
emit an unpleasant effluvia, and get unfli'> for use 
if not constantly pumped. This appears, therefore, 
an additional reason for keeping the atmosphere 
from the spring. 

When KKk, solid stone, or incompressible clay is 
met with, a tube cannot be driven through it 
without first making a hole, and removing the 
cores. In some oases, howBver, there may be 
many feet of loose earth which can be easily driven 
through ; this (especially if gravel has to be passed 
through) IB a tedious {Hrooess. The tubes, there- 
fore, may be fitted with a temporary hard wooden 
point, which will allow them to be driven through 
the soft earth, and when an obstruction that 
cannot be penetrated is met, the point is knocked 
out, and, being wood and in sections, it floats to 
the surface of the water, and leaves an open-ended 
tube, through which ordinary boring tools can be 
passed to chisel and break up the rock. A tube 
can frequently be driven through mvel and day 
to a depth of, say, 70 feet in a single day. To bore 
to thesame depth in similar stratum frequently takes 
ten days or a fortnight. The saving that may be 
effscted by driving through the loose stratum oan, 
therefore, be readily appreciated, and, what is still 
more important, the upper part of the tubes are 
fixed inore tightly in the ground than if a boring 



had been made to receive them. In some oases, 
however, hard strata oome right to the surface, 
and the boring operations, consequently, cannot be 
deferred. When this is the case, instead of using 
a pointed tube, an open-ended steel shod pipe is 
driven into the hole as the boring proceeds. As 
the tools pass down inside the pipe they do not cut 
so large a hole as the outside circumference, and 
some little trimming down of the sides is left for 
the steel shoe to perform. 

In great depths the single tier of pipes, with 
which the wohe is commenced, cannot be forced 
the whole way. Tubes, therefore, of smaller 
diameter are inserted; but, as to pump by the 
tube well method, air-tight joints are absolutely 
necessary, the final tube is continuous from the 
deep spring to the surface. In this way, tube 
wells 300 and 400 feet in length are put down, and 
if the spring, when tapped, rises to the surface, 
or within, say, 25 feet of it, only an ordinary lift- 
pump is required to obtain the supply. Where 
the water does not rise to the required height, a 
deep well pump oan be lowered into the tube well, 
and worked by rods from the surface. 

Bored tube wells are frequently put down in 
sets, and connected by horuontal mains, where 
large supplies are required. 

The new water- works at the town of Skegness, 
in Lincolnshire, will be supplied by two l)ored 
tube wells thus coupled together. These wells are 
already completed, and a supply of pure water 
from the sandstone has been obtained, although 
salt water was passed-through during the upper 
portion of the work. 

In describing the method ^of driving tube wells 
in the commencement of this paper, mention has 
not been made of the latest system, which is more 
particularly applicable to tubes of large siae. It 
is so simple as to merit a brief notice. An 
elongated cylindrical weight passes down inside 
the tube, and the blow, instead of being struck at 
the surface, is ddivered where it is wanted, near 
the point which penetrates the earth. As water in 
the tube would impede the force of the blow, the 
first socket above the perforations is made suffi- 
ciently long to admit of a stout iron ring or 
washer being placed in the centre of it, in such a 
wav that the two lengths of tube, when screwed 
tightly together, butt against it, one on the under 
and the other on the upper surface. The interior 
of this ring is of sufficient size to allow the water 
to pass freely through it, but it has a screw thread 
cut throughout its whole length. During the 
operation of driving, the opening in this nngis 
closed by a steel plug, which is screwed down into 
it until its shoulder butts on the ring. The upper 
surface of the plus^ forms an anvil, on which the 
driving weight falls. The plug is readily removed 
and brought to the surface when the required depth 
has been reached. 

The object of this paper has been to describe a 
particular method of obtaining water in large 
quantities, and free from contamination; but in the 
great question that this Congress is considering of 
National Water Supply, no one system can, under 
all the varying circumstances, be applicable. One 
town may have abundance of ^ood water at its 
feet, others may. have to seek it and conduct it 
from a distance. 

The collection of full information ou this part of 
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the sabjeot is of the greatest interest and import- 
anoe, and before a really national scheme of water 
sapply is entered upon, it seems adyisable that a 
complete hydrogeological survey of the whole 
oonntry should M carried out. 

Mr. Joseph Lucas, has, for sometime past, devoted 
special attention to this branch of geology, and 
has, single-handed, mapped out certain districts, 



and compiled much information into a oompACt 
and useful form. To carry out such a gjgaatie 
inquiry in a reasonable time, however, reanirai 
more assistance than a private individiiaf can 
generally command, and, probably* it is In this 
direction that Government aid miffht, in the fiivt 
instance, be most advantageously dxreoted. 



EVILS OF IMPUEITY, AND CONSEQUENT CONNEHON OF THE 

QUESTION OF WATER SUPPLY AND SEWAOK 



BBMABKS OK SOME OF THE DISEASES 
DUE TO SBWER-GAS POISONING. 

Sy JohA BrewB, L.B.C.P., Loadon, 4o., 

OfllMT of Hnltli to the Baoop Urbtn Gknitwy Authority. 



_ the summer and autumn of 1878, 1 made 
a larffe number of observations on the eJBfeots of 
brea&ing an air contaminated bjr sewer-gas. I 
have notes of thirteen houses in whidi drain 
diseases existed, and iu "^'hioh there were grave 
sanitary defects, such as ought to have attracted 
the notice of the householders. Unfortunately, 
the pubUo are yery careless on these matters, 
especially the workmg classes. Happily, there are 
signs that the more educated are becoming alive 
to the vital importance of pure air and water. In 
■even houses tbe slop-stone |ape was untrapped, 
and went straight into the drain, and from which 
there arose bad smells, especially in the summer. 
Xn the remaining six there were untrapped and 
rubble drains (not ventilated) which were dose to 
the door of the house, or passed beneath the 
floor. 

The following are the diseases observed : — 

A. If{/lamaiion of M# Lffmphatie Olundf^ more oom- 
monlv the oerrioaL As a role the glandB are not 
aoatelv inflamed. Every case was among young child- 
ren ; my are obnoxious to it. 



G. IKarrA^M.— Sewer-gas is probably a fertile eoarof 
of sammer diarrhce^ especially among infrnts sad 
yomig children, who live in unsanitary houaea. The 
oianhflBa is very dii&onlt to erne, and often ends 
fatally. In some cases thers ace other fwaiditiona, maiA 
as bad feeding, which tend to keep up the 



B. uf^MctMt.— In some osses the inflamed glands 
sappurated. ^e abscesws are generally chrome and 
almost painless. 'Dieae, too, are more conmion among 
ohildren. The abscesses may form in any part of the 
body. The following were observed:— a. Submaxil- 
lary abeoess; h. Cervical; €, Axillary; d. Ingui- 
nal; 0. Faciei; /. Pelvic; ^. Hnitiple abscesses; h. 
Tsnponl abscess. 



D. Sore Throat. — ^In one house there were three eaas 
of Bore throat in adults, and one child aaAsring fgam 
diphtheria. The child died and the adulta l e uu te i e d . 
It would appesr that the poison which caused dfphthwia 
in the ohila, caused sore uiroats in the adnUa. 

E. T^hoid Fever.—Though I have inclnded this 
among drain dieeeses, yet I would not aflirm tiiatik caa 
be generated do novo from sewer-gas. In two eaas 
there were probabilities that the germs of typhoid lever 
may have been latent in the sewers for yean. In one 
caee, however, it was impossible to trace the origin, or 
to soggest the cause, except the sewer-gaaea. 

F. Puerperal Fever, — ^I have observed several oasei 
in unsanitary houses. I believe a parturient wonaa 
runs a ^^reat risk of septionmia if delivered In an air 
contaminated with sewer-gas. 

G. Anmmia, — Tins is f oond more often among ehildRB 
and young persons. 

H. yaueeo. Languor^ and SeadmeXe. — ^Hie s;ymptoiBe 
are not uncommon among adults, genermlly women. 
These symptoms are so markedly due to bad andli. 
that the patient wiU often suggest it as a cause. 

AU the above diseases may be due to other 
causes, and it is possible that the deteotton of fool 
smells in houses with these '^iii*atftt may be a 
coinddepce. The following will help «■ in form- 
ing a diagnosis. If two or more persons in a 
house are suffering from summer diarracea, ^wa— m> 
abscesses, enlarged cervical glands, we may sos- 
pect sewer-gas poisoning. Medical treatment if 
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often in^footaal until tho patient is removed into 
a healthier atmosphere, wnen a speedy cure fol- 
lows. In the winter, when the decomposition of 
sewage matter is far less active than in the 
summer, I have found that infantile diarrhoea and 
chronic abscesses are very few when compared 
with the number seen in the summer. 

8ewer-gas is especially dangerous to young 
children* Of 25 persons suffering from sewer-gas 

S^isoning, 17 of these were under 16 years of age. 
Ider persons are not so soon affected ; in them 
it often causes ansamia, languor, nausea, and head- 
ache. The following gives the diseases found in 
each house, with ages of the patients, and pro- 
bable source of the sewer-gases : — 

House No. 1. SubmaxiUary abtceu, taiA. enlarged urvieal 
ffUttds, in children aged two and five years respectively. 
There were imtrapped sLop-stone, and bad smells from 
a rabble drain. 

2. Cervical abeeeu in a child, aged nine years, pro- 
bably due to bad smell from defective dndn. 

3. AziUarff abteeu and ** tummer^diorrheea.** — The 
ohUd, aged five years, also had other enlarged glands 
in the axilla uid dbow. Diarrhoea oooorred in a 
patient aged six weeks. Another oMld had recovered 
fram a safamaxillary abscess. There were bad smeUs 
from mitrapped slop-stone and defective drains. 

4. Tiro eoMee of inguimU abeeeat and iummer^diarrkaa. 
One of twins oied from exhaustion, due to inguinal 
sbsoees, and the other from diarrhoea. The mother 
recovered from inguinal abteeee, the cause being sewer 
gas hoBox an untrapped slop-stone lape. 

6. FaeieU aheeeea in a girl, aged nioe years. This was 
probably doe to sewer-gas nom an untarapped slop- 
itonopipe. 

6. Felvie abiceee^ and three oases of '^nMNSMr-iftarf- 
Aas." — A patient had been confined six weeks. She 
was very ansamio, and had no appetite. Tins was due, 
Q&doubtedly, to the bad smell m the house. She was 
taken ill with an abscess in the pelvis. Just at the 
■ame time there were three other cases of summer 
diarrhoea in the house. The infant died. For the sake 
of the woman, I reoomniended that the family should 
remove at once, which they did, and the patient made a 
good recovery. The abscess discharged itself per 
taginam. The cause was a defective privy, from which 
there was a continual leakage of fecal matter into the 
house. 

7. MuMpU abseeseet, — A baby, aged six months, had 
twenty abscesses, scattered on its legs, arms, and body. 
This state was due to bad emanations from a defective 
privy. ^Die privy was at cnoealtered atmy suggestion, 
and the patient speedily recovered. 

8. Temporal abteeu in a patient aged eleven years. 
The cause was foul emanation from a defective drain. 

9. Typhoid Fever, — A death from typhoid fever being 
leported to me, I inspected the house, and found that 
bad smells came from the untrapped slop-stone pipe. 

10. Typhoid Fever. — Another death from typhoid 
larer was reported. On inspection, I found the slop- 
^one untrapped, and an untrapped drain dose to the 
ooor. 

,11. Typhoid iWr.— This was a case of typhoid fever 
>n a gentleman living in a new, well-built nonse. On 
^ipeotion, I found the drains and slop-stone trapped. 
^^ wife, however, oomplaiiied of bad smells coming 
ooa the water-closet, which was on the first-fioor. 
Jbe water-supply in the summer being limited, the 
drain would not be well flushed. The mephitic gases, 
S«°">ated in large quantities in hot weather, would 
'^^ latwate the water in the pan of the water-doset, 



and pass into the house. The drain was long and nn- 
ventilated ; and the sewer-gases, being of lighter sped- 
fic gravity than the air, would seek an outiet at the 
highest elevation, which would be the water-dosets. 
The drain has since been ventilated. The patient died. 

12. Diphtheria^ and three cases of Sore Thtoat, — ^A 
child, aged three years, had diphtheria, and died in 
three days. In the same house, tnere were three adults 
suffering from sore throats, all of whom recovered. I 
found that there was a bad smell from untrapped dop- 
stone. 

13. Fuerperal Septieeemia,— The third day after con- 
finement, the patieoit had usual symptoms of septiosmia. 
She nearly succumbed two or three times. After about 
five weeks, she had a relapse, which proved fatal. In 
tills case there was a foul smell from an untrapped 
drain, within a few feet of the door where the patient 
was confined. 



THE BECENT OUTBBEAK OF ENTEBIC 
FEVER AT GATEBHAH AND BEDHILL. 

By B. Thome Thome, lU. Lend. ; F.B.C.F. 

At the request of the Society, I herewith submit 
a brief acooimt of the droumstances under which 
an extensive epidemic of enterio fever has recently 
arisen, in and near the towns of Caterham and 
Bedhill. Having already prepared a detailed 
report as to all the droumstances of the epidemic, 
and this report having been publidy issued by the 
Local (Government Board, X propose here to con- 
fine mysdf to such a r^mmS ox the facts ascer- 
tained, as ma^ serve to form the basis of a 
discusdon, which I am informed the Society 
desires to entertain on the present occadon. 

Durinff the fortnight ending February 2nd last, 
enterio fever broke out at Caterham, Bedhill, 
Earlswood, Bletchinffley, and Nutfidd, in the 
county of Surrey. The outbreak appeared almost 
simultaneoudy in Caterham ana Bedhill, the 
attacks oommenotng in the one town only a few 
hours after they were heard of in the other ; and 
within a few days cases also came under treat- 
ment in the other places named, the total number 
of attacks reaching 196 during the fortnight referred 
to. Here were a series of o utbreaks almost simul- 
taneous in their inddence upon a series of towns 
and villages, which were dtuated at distances 
varying from about three to ten miles apart, and 
which were all ascertained to have been, for a lone 
time, remarkably free from the disease by which 
they were now attacked. And in view of the 
facts ascertained during the early stages of the 
inquiry instituted, there appeared the strongest 
grounds for oonduding that the several out- 
breaks in the several localities constituted^ one 
epidemic, and that they had one common origin. 
The period of incubation in enterio fever b^^uag 
about, or somewhat under, a f ortiiig[ht, these 1 W 
cases could be made the subject of inquiry, with 
regard to causation, apart from any source of 
error which might be due to the spread of infeotion 
by means of any of the earlier attacks in theaame 

epidemic. ^ , , ^ 

All the sanitary dicumstaiices of thepopulataona 
affected were minutdy investigated, the mqmiy in 
this respect induding, though bdng by no meana 
limited to, all the conditions which previoua ex- 
perience had shown to bereUtedto the provftleao^ of 
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this disease. The various systems of sewerage and employed in this work, some of them being in the 
drainage, the several means of excrement and well below, others on the surface. Inquiry was 
refuse disposal, and the numerous milk services, i made as to whether any of the men had ailed 
were in turn dealt with ; but not only could nothing | whilst at work, and it was ascertained that one of 
be ascertained with regard to them which had any them, who left work some time in January, 
bearing upon the epidemic, but none of the affected ! was believed to have been ill, although no 
localities had anything in common with respect to | inquiries had been made concerning him since 
any one of these conditions. he quitted the works. This man was found out. 

There was, however, one condition which the | and the history obtained, both from him and 
several towns and villages where the disease ' from his wife, can leave no doubt but that 
prevailed had in common ; they all derived 
their water-supply from the same source, namely, 
from the works of the Caterham Waterworks 
Company. And not only so, but it was ascertained 
that among the occupants of over 1,400 houses, 
within the infected district, to which the Com- 
pany's supply was not delivered, so pe»ons 
who had not consumed this water were affected, 
and also that from amongst those who habi- 
tually used other supplies, the disease had 
specially attacked the few who had been recent 
and occasional partakers of that derived from the 
Company's mains. The suspicion, however, which 
imder these circumstances naturally attached to 
this water, received no support either from con- 
sideration of the source whence it was derived, 
namely, the chalk wells, more than 500 feet deep, 
sunk at the southern extremity of the high-lying 
ground which bounds the Caterham Valley on 
the west, nor from the history which had 
attached to its previous use, and which, in 
point of wholesomeness, had won for it a de- 
servedly high reputation. But the evidence which 
associated the spread of the epidemic with the 
oonsimiption of this water gradually became over- 
whelming, and hence evervthing relating to its 
sources, storage, and distribution was, with the 
ready co-operation of the Company's officers, care- 
fuUv inquired into. 

iftie possibility of soakage of filth into either of 
the wefls from cesspools, had, even prior to the 
occurrence of the epidemic, attracted some atten- 
tion. But, although the steadily increasing practice 
of fouling the chalk, in various parts of the 
Caterham Valley, by means of cesspool soakage, 
is one which can baraly fail, before long, to con- 
stitute a source of danger to the water services 
deriving their supply in this locality from this 
stratum, if indeea it does not do so already; 
yet it appeared obvious that the epidemic in ques- 
tion had not been brought about in this manner. 

Amongst the many other points investigated, 
was the possible occurrence of any contamination 
of the water in the mains, owing to the suction of 
foul air or other matters into them, during periods 
of intermisdon. But no such intemussions had 
occurred. 

Circumstances had, however, in the meantime 
come to my notice, which led to the inquiry as to 
the cause of the contamination of this water- 
supply beinff ext«'nded in another direction. 

jDuring the Intter part of 1876, and the begin- 
ning of the present year, the Caterham Water- 
works Company constructed an adit from one of 
their old wells up to a new bore, which had been 



he had recently suffered from enteric fever. 
Indeed, it was ascertained that, though con- 
tinuing at his work in the adit below, he was, from 
about January 5th until Januafy 20th, when 
the severity of his symptoms confined him to 
bis bed, the subjeot of a laild though marked at- 
tack of enteric fever, whioh was aooompanied with 
■uoh profuse diarrkosa that, notwithstanding cer- 
tain regulations to the contrary, he was oompel- 
lad to evaovate in the adit *' at least two or three 
times" during each ahift. The exact method by 
whioh his poisonous evacuations found thsir way 
into the water is a little uncertain, but even as- 
suming the absolute truthfulness of his statement 
to the effect that a pail which was constantly 
being drawn to the surface, was invariably re- 
sorted to as a closet, there were ample means, on his 
own showing, by which the well- water could have 
been contaminated by them. Within 14 days of the 
commencement of bis purging, the diseasebroke out 
in an epidemic form, amongst the consumers of 
the Company's water. 

Confirmatory evidence as to the nature of the 
man's illness was obtained, when it was ascer- 
tained that on the previous December 25th, 26 th 
— the exact date when his disease, if enteric fever, 
must have been contracted — ^he had been away 
from Caterham, and had stayed in a town wherf 
that disease had been somewhat prevalent. 

In short there can be no doubt that the pollution 
of this water, as the result of the man's diseaae. 
and the epidemic in question, were related to each 
other as cause and effect ; indeed the sspvaral es- 
sential incidents recorded are linked tagathor iu 
point of date, with a precision charaoterirtie of the 
results which might have been expected to have 
followed a scientific inoculation. 

One additional circumstance bearing upon th<* 
correctness of the view I have expresMd. may hv 
noted. The village of Warlingham, where the 
Caterham CompanVs water is laid on to as many 
as 156 houses, exnibited an immunity from the 
epidemic. But at the precise period idien the 
daterham water must have been most potent for 
harm, some 12,000 gallons a day of an altogether 
different water was, owing to a temporary c«ner- 
gency, pnnqMd into the main thai suppUad that 
village. 

As soon as the main facts of the epideosio had 
been ascertained, the inhabitants of the aifiiaird 
district were, by public notice, cautioned against 
the use of the Caterham water, and steps, inoloding 
the copious uae of disinfectants and long cootinned 
pumping to waste, were taken by the Ooapanr to 

get rid of all possible oontamination, Tha e»>rts 

made for them f>y the Diamond Rock Boring j in this direction appear to have been thorou gh ly 



Company, and which was at the time approaching 
completion. This adit is situated in tne chalk at 
a d«*pth of 455 feet. It measures 6 feet by 4 feet, 
^^d IS 90 feet in length, A number of men were 



s n ec essfu l, for the epidemic soon aeased, and it has 
not been renewed, although the water has again 
been brought into general use. Ttie total number 
of cases, however, which were reported to me at 
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the timo, and which have since been heard of, 
cannot fall short of 370. By far the majority of 
attacks were of anunusiially mUd type, and the fatal 
cases were limited to 21. 

Amongst the points deserving special notice in 
connezioo with the oiroumstanoes of this epidemic, 
I would suggest the following : — 

1. That the view, to the effect that even a oom- 
paratively minute quantity of the poison contained 
in the evacuations of enteric fever patients may, 
when subjected to conditions favourable to the 
development of that poison, lead to the specific 
infection of very large volumes of water to which 
it Las gained access, is fully borne out. 

2. That a special danger attaches to the pre- 
valence of the mild — or, as they have been termed, 
* * perambulatory "--cases of enteric fever, by reason 
of the intensely poisonous nature of the (uarrhcea 
which oharact^ises that disease. 

And having regard to these facts :— 

3. That all possible sources of exoremental con- 
tamination, in the vicinity of water-sources, should 
be rigidly dealt with 

4. That care should be taken, in connexion with 
works for the construction or storage of water, 
to exclude from employment all persons suffering 
from any diarrhoeal affeotion. 



MEMORANDUM OF BECENT EPIDEMICS 
PRODUCED BY POLLUTED WATER SUPPLY. 



( 



By Bmsst Hart. 
of Ckrandl of the National Haalth Society.) 



The accompanying summary contains the facts 
as to the causation, progress, and fatality of 
epidemics of a certain class of zymotic disease, in 
England, which have been proved by official in- 
vestigation to have been due to polluted water, 
since the passing of the Sanitary Act, 1866. 

The summary has been limited to cases which 
have been investigated by the Medical Inspectors 
of the Privy Council and of the Local Government 
Board, (1) because it is believed that all, or nearly 
aU, the considerable epidemics caused by bad water 
since 1866 have been investigated on b^alf of the 
(government, and (2^ because it is only in these 
official reports that toe facts as to causation, pro- 
gress, and dimensions of epidemics are fully and 
accurately stated. An examination of some 
hundreds of outbreaks unofficially reported during 
the last twelve years, says that for the most part 
they have not been investigated with the required 
accuracy. 

The summary, which has been compiled with 
considerable labour, refers, it will be oDserved, to 
epidemics of enteric fever only. Cases have arisen 
in which outbreaks of scarlatina and diphtheria 
appear to have been connected with imp ure water ; 
but as this connection is merely hypothetical, it 
has been judged best to omic any reference to the 
outbreaks in question. 

It need hardly be stated that the chief causes of 
« the spread of enteric fevers are excremental pollu- 
tion of the air or watw, or of both. In epidemics 
occurring in towns which have a common water 



supply, the influence of the water in the propaga« 
tion of the disease can be accurately measured. 
But where, as is too oftoi the case, enteric fever 
breaks out in a place whose only water supply is 
from private wells, and whose only system of, 
excrement disposal is by means of privies, it usually 
becomes quite impossible to say how much of the 
epidemic is due to the polluied water, and how 
much to the fouling of the air £rom infected privies. 
Doubtless, soakage from the privies into the wells 
is mainly the cause of the spread of the disease ; 
but investigators have, in the vast majority of cases 
of this sort, been baffled in assigning the precise 
cause of the outbreak, because every condition 
favouring its origin and spread existed in abun- 
dance at the place. 

In the admirable series of Reports on the Public 
Health, published under the direction of Mr. Simon, 
instances of outbreaks of this kuid are to be found 
by the hundred. Such of these as have produced 
the most definite results as regards water, are 
recorded In the summary ; but it must be remem^ 
bered that there are very many more in in^di 
water, though it played an important part, was 
not ^one concerned in the propagation of the 
epidemic. 

It is impossible to make any sort of estimate of 
the number of lives annually sacrificed in this 
counky at the shrine of polluted water. But the 
deaths must represent a very considerable propor- 
tion of the fatality from enteric fever, to sav 
nothing of other diseases. When it is remembered, 
that in 1877, no less than 6,879 entirelv preventable 
deaths occurred in England and Wales from this 
one disease alone, and that thus, in one year, some 
seventy thousand people were caused needless 
sufferinf^ and anguish, through the ravages of a 
disease mtimstely connected with filth, it will be 
seen how great a stake England has in the main* 
tenance of the purity of its water. 

The doctrine that a vast influence is exercised 
over the health of communities by the gualiiy of 
water which they consume, is one, says Mr. Simon, 
' * which, as far back in literature as any reference to 
such questions could be expected to exist, may be 
seen to have universal medical consent in its favour. 
During long ages of history, the common instincts 
of mankind were even surer and stronger than un- 
developed science could be, in revolting against 
the use of unwholesome waters. For instance, 
among the lessons which survive in modem times 
from iaxQ wonderful intellect and vigour of ancient 
Rome, the frequent far-reaching aqueducts, which 
record an unbounded care for the provision of pro- 
per urban water supplies, are monuments kindred 
m spirit, and only second in dignity, to the con- 
summate system of jurisprudence of the same 
singularly organising people." Of the many in- 
valuable additions and miprovements which medical 
knowledge has received during the last thirty or 
forty years, scarcely any can be compared for pre- 
sent practical importance to the discoveries wtdch 
have given scientific exactitude to P^rts of the 
doctrine so ably referred to by Mr. Simon. The 
connection between impure water and diseases, 
although amply proved, does not rest on so exact 
an experimental basis as could be desired, probably 
on account of the imperlections of our present 
modes of analysis of water. Moreover, the evi- 
daioes of tbia connection differ very mudi 
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with regard to different diseases, both as 
to the amount and yalue of evidence. There 
are some people who deny that even con- 
siderable organic or mineral impurity can be 
proved to produce any bad effect; whilst others 
nave believed that some mineral ingredienta, such 
as calcium carbonate, are useful. On these points 
I cannot now dwell, and I must, therefore, pass 
over any examination of the diseases, such as 
diarrhooa, goitre, malarious fevers, and dyspepsia, 
which may be induced by water, impure at its 
source, or hi^ly charged with mineral or otber 
impurities. I proceed at once to consider the 
dangers— and they are immense— of 

(6.) WcUer PolluUd with tht Specific Li/ectian of 
•ome Particular Disease. — Two diseases, closely 
correlated, stand out in very bold relief in this 
connexion. I refer, of course, to cholera and 
typhoid fever. It is to be hoped that the system 
of medical inspection, now in force at all our ports, 
will suffice for the future to nip in the bud any 
stray cases of the former disease that may reach 
our shores. In the epidemics which occurred from 
cholera in this count^ in 1849, 1854, and 1666, 
its spread, bjr means of water polluted with its 
specific infection, was painfully and convincingly 
proved by a greater mass of evidence than had 
ever been previously collected. With regard to 
any other disease, I do not propose on tins occa- 
sion to attempt to give any illustrations of the 
spread of cholera by water. The Broad-street 
pump outbreak, investigated by Dr. Snow, to 
whom we owe the first proofs of the spread of 
cholera by water, is historical. There are many 
other instances recorded on pages 153 to 161 of 
the Sixth Beport of the Rivers Pollution Commis- 
sion, but as the time is short, and cholera is an 
exotic disease which we have only occasionally to 
fear, I hurry on to an examination of the spread 
of typhoid fever by water. Here there is of 
evidence an overwhelming embarras de riches$es. 
Epidemics by the score, nay by the hundred, might 
be cited in which the first cause has been the 
pollution of the water drank by the persons 
affected. In fact, it has been one of our most 
familiar experiences, one which will be found ex- 
emplified in every volume of every medical journal, 
that excremental fouling of wells is, in this 
respect, among the worst dangers which can 
thz^ten the health of a community; and other 
common water sum>lies, as distributed by com- 
panies and local Boards, are equallv capable of 
spreading the infection. In the admirable Fifth Be- 
port of Mr. Simon, an abstract is given of the history 
of no less than 146 epidemics of typhoid fever 
investigated by his department during the four 
years 1870-3. In all these cases great excremental 
pollution of air or water — generally of botii — was 
ibund. Since then several very remarkable out- 
breaks of the same kind have been investigated by 
the Local Government Board with tbo same result. 
These reports ma^r be broadly divided into three 
■actions, those showing the impurity to be imparted 
(1.) at the source; (2.) in transit from the source to 
the reservoirs; (3.) when stored in tanks or cisterns. 
It will be obvious that the two last dangers con- 
oam town water only, t.e., that delivered in pipes 
to the several houses. The first mentioned souice 
of impurity is, therefore* the one which we most 
oomnMDly find as concerned in rural districts with 



the spread of typhoid fever. In caoBtrj plaoH 
wells are not uncommonly found in dose juxta- 
position with privies, and soakage fro^ the latter 
to the former mevitably ensues. The water may 
perhaps be drunk for a long time vithont aav 
grave danger to healths but as soon aa the infeetiflc 
of typhoid fever gets into the well moat 86rioaar»- 
suits foUow. Thus, at Hawkesbuty Upton, whu:h 
is situated upon fissured oolite, the sew 
charged into the fissures. Into the aan 
rook are sunk the weUs, and when a eaaeof 
fever occurred at the top of the village the 
spread through the whole viUage tbrtnxgii the 
medium of the privies and wells. The use of 
brook water a^ain, when infected with the 
gium of entenc fever, has been proved in im 
able instances to have been the cause of cpidfiif" 
of the disease. Perhaps one of the most oonvine- 
ing cases of this sort occurred at the orphan aayhoa 
founded at Bristol by the philanthropic Mr. Mifflgr/ 
An extensive outbreak (something like oOO cases 
occurred] was shown by Mr. Davies, the Ifediim? 
Officer of Health for the Citv, to have been oanaed 
by the drinking, by the children, whilst out for a 
walk, of watw from a stream in a picturesque 
dingle, but polluted by sewage from a neighbour- 
ing village, m which enteric fever was prerale&t.'t' 
A very remarkable outbreak, of a totally differ- 
ent kind, has only just occurred near Tiondan, in 
the Caterham Valley. . The water supplied by thp 
local water company is above susnicion as reganh 
contamination from cesspools ; out some time in 
January, a man who was suffering from a wa\d 
attack of typhoid fever was employed in sone 
work beneath the surface in connection with oat 
of the company's wells sunk in the chalk. There 
is no doubt whatever that he imparted the specific 
contamination of typhoid to the water in the welL 
for, after the usual period of the incubation of the 
disease, moro than 300 cases broke out amongst 
persons using the company's water. UnhappUy. 
several deaths have resulted from this distrenn^ 
occurrence, but the company have taken every 
precaution to provent a similar accident oocurrinf: 

m fnturo.t 

Of the second sort of contamination — that c^ 
ceived in the transist of the water from the source 
to the reservoir — ^no better example could be given 
than the epidemic at Over Darwen in 1874. § This 
outbreak, which was minutely investigated by Dr. 
Stevens, of the Local Gk>vemment Bosod, and 
which attacked 1,500 persons, killing^ 8d, was 
shown to have been occasioned in the foUowing 
way. In September, a young lady died of enteric 
fever, at a house situated dose by the *' sough,** 
by which the water supplying Over Darwin is con- 
veyed into the service reservoir. Kxamtnation 
showed that a drain carrying away the sewage 
from the house, passed near this ** sough.** and 
had gained access to its interior through faults in 
its imperfectiy secured joints. There was no tort 
of doubt that this was the true explanation of the 
epidemic. 

Town water, though it is usually abaolved from 
gross impurities at iU source as rural water is, has 
many dangers of its own. In fact, the chance of 

* Stmitarv Btmrd^ tsl. III.> p. IS. 
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ubstances getting into the water of tanks and 
istems is very great. Leakages from ditches, 
)assage of foul air through pipes, or direct absorp- 
ion of air by ao uncovered surface of water in- 
Toduoe iaipurities into oistems. A danger which 
eema capable of wide operation has been seen to 
iriae when water-closets receiTe their flushing 
lervioe from the mains of a so*>oalled ** constant*' 
(upply. This danger is that during times of 
ntermission, if there are not serriee boxes or 
cisterns between the closet-taps and the mains, 



effluvia and eren in some cases fluid filtk will be 
(so to speak) sucked into water-pipes. It is to Dr. 
Bloxall that we owe the discovery of the connexion 
of this condition with outbreaks of enterio fever. 
Subsequent investigations by Br. Buchanan at 
Gains College, Cambridge, and on a much larger 
scale at Croydon, in the year 1675, fully oon£m 
this theory. Dr. Thome has also reported an out- 
breaks at Lewes and Tidewell, which lead to the 
same conclusion. 



METHODS OF SEWAGE, &c. 



NOTES OP PEOGBESS WITH SEWAGE 

SINCE THE FIRST CONGRESS OF THE 

SOCIETY OF ARTS IN 1876, SUBMITTED 

TO THE FOURTH CONGRESS IN 1879. 

By Sir Henry Cole, K.O.B. 

1. The Bt. Hon. James Stansfeld, late President 
of the liooal Government Board, has deUrered three 
addresses at the Conferences on Sewage, which 
have taken place in this room. These addresses, 
for the soundness of their doctrine and advice and 
useful suggestions, might well be repeated on this 
occasion. They are silently, although too slowly, 
hearing fruit. But there was one suggestion of 
paramount importance, and not difficult to carry 
out, to which I would call attention, in the hope 
that we may see it accomplished before our next 
Conference. 

2. Mr. BtansfeM suggested that there should be 
an Inquiry DepartrMTitf where any one could go 
to put any qn^tion on Sewage in the interest of 
the town he represented, and get the best possible 
answer, and he said, if the Local Government 
Board did not institute it, the Society of Arts 
might. But neither Government nor Society have 
u 7ct acted on tiiis sound advice given in 1876« 

3. The piublie ignorance on sewage subjects is 
vttll universal and de^, but is becoming less so. 
^ London, the majority of houses are not properiy 
connected with the main sewers, although four 
millions have been spent on the sewers, and our 
vestry masters cannot show to a proposing tenant 
what the state of the ooimezion is in the majority of 
houses. Houses when connected are genemly but 
s ventilatini^ ^laft lor sewer gas everywhere. I 
have lived m four furnished houses, during my 
provincial inquiries, in tiie last two years, ana 
^eiy house was a ventilating shaft for sewer gas. 



But the difference between London and the pro- 
vinces is, that Birmingham and Manchester, with 
admirable promptness, compel the landlord to 
expel the demon of typhoid fever, whilst London 
allows him to remain. 

4. I proceed to give a few important instances of 
how little progress has been made since the Con- 
ferences began. Our chairman said, in 1876, that 
the Congresses were intended to take stock year 
after year of the experience of the country. I 
propose to take a little stock of how the country 
now stands, and notice a very few marked 

examples. 

5. In ourprincipal City, with its four millions of 
people, the Thames in the metropolis remains as foul 
as ever. When Parliament could bear it no longer, 
lime, unlimited in quantity, could be used to purify 
the sewage at the West-end. The Metropolitan 
Board of Works affects to say that Sewage at the 
East-end does not require purification. The Thames 
Conservancy Board, it is said, are taking slow legal 
measures to correct the views of the Metro^litan 
Board of Works, but the Board makes no sign of 
doing anything ; whilst it flinches from asking the 
metropolitan ratepayers for even a penny a year for 
effectually getting rid of the impurities. In the 
upper part of the fiiames, the results of the different 
plan9 adopted at Oxford, Beading, and Windsor, 
are not si^iently aaoertaiued to be discussed, but 
doubts are expressed of their success. In the 
Lower Thames Valley district the attempt to place 
a sewage farm between Hampton-court and Clare- 
mont has been discouraged by the Hx)UBe of Com- 
mons, and the Bill not even allowed to be discussed. 

6. In large provincial towns, passiveness only 
appears to reign. Birmingham (with its 360,000 
population) goes on with precipitation and dig^g 
the sludge into the land, ana it makes the oest 
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effluent it oan ; but it may be doubled if it comes up 
to an authoritatiTe standard of puri^. It is toler- 
ated hv Lord Norton, howeyer. Manchester has 
plans K>r a federation of places in the immediate 
suburbs, but it has no settled scheme of purification. 
Until Oldham and other mat towns, now pollut- 
ing the rivers which flow Sirough Manchester, act, 
it would be useless for Manchester to attempt 
a purification. In the meantime a little place, 
Withington, with 20,000 inhabitants, has been per- 
mitted to borrow money to forward the commence- 
ment of a Sewaffe farm in the midst of a populous 
neighbourhood I Salford, with 140,000 people, has 
done nothing. Leeds, with 300,000 i)eopie, goes 
on accumulating its dudge by hundreds of tons. 
Glasgow, with nearly half a million of people, pro- 
poses to use precipitation, and take the dudge down 
the Clyde to the sea. Leicester cannot decide what 
to do with its sludge. Facts connected with 100 
places, having about three millions of population, 
have been coUected and are appended to this paper. 
It is typical of the state of public paralysis. 

7. Only eleven places, out of about 70 addressed by 
the Society of Arts, have sent in returns relating to 
Irrigation for the use of this Congress, and they give 
no important information. Wolverhampton (75,000 
population} is said to have found out tluit it is quite 
possible to ovradose the land with dirty sewage, 
and is looking out for more land to give rest to its 
present farms. 

8. Two or three conclusions respecting farming 
by sewage now seem to be admitted. 1. That the 
storm water must be kept out of the sewers ; 2. 
That precipitation must take place before the 
sewage fiows on the land ; 3. That filtration of some 
kind after precipitation is most desirable; 4. 
Another condusion is, that towns cannot make a 
profit out of water-canied sewage, a fallacy which 
Daunts old-fashioned minds, especially in tlie 
Metropolitan Board. I believe Croydon and 
Stoke-on-Trent are likelv to show new combina- 
tions of treatments, which may be useful. 

9. Compulsory federation ox small places under 
a united local management is a subject which, I 
think, is ripe for the Local Oovemment Board at 
once to insist on. The Duke of Sutherland, who, 
among great landlords, has taken a prominent and 
patriotic part in overcoming the sewage difficulties, 
addressed a letter, which I am jpermitted to quote, 
to the President of the Local Government Board. 
It is as follows: — 

ZitUr tmUh^ths Dith of Sutherland to tko Might Son, 
O. aelaUr^Booth, Fmident of the Local Oovomment 
Board. ' 

SBth JoanoTf, 1879. 

8m, — Tbi0 two printed doottments which aooompany 
this letter zeUte to the purifloatioii and conaervanoy of 
rivers in Lanoaahize, and have oome h^ore me. Whilst 
I feel mymHi justified, on publio ffroonds, in sending 
them to you for the conrideration of the Local Oovem- 
ment Board, I do ao all the more, because I have personal 
evidence of the ddaya and bad resalta of the want of 
union and oo-operation in the varioos towns of the 
Potteries indexing with the pollution of the Baver Trent 
by sewage, whi«sh peases thioiu^h my property. 

Plaoea in Lanoaahirs, as m oAer oonnties, have 
hesitated to compij with the law pzohibiting the 
poll nt ion of rivers, partly beoaoae they &nmk from the 
aeoenary expenditure, and partly bemuse the purifioa- 
t&QB of one or two plaoea on a river was of little use, 



unless aloQff the whole coone of the xiver. A gSaace 
at the aketcn map of the Irkwell basin (pnWiahfd h 
the report of the Bavera PoQntton Connnf— iiiiirn' 
forcibly iUnstrates this fact Par exam|^, the va- 

furifled aewase of Oldham finds its way Uunoogh tlM 
rk and Medlook to Manoheeter. The sewage <tf 
Bolton, Btuy, and of Bodhdale, &c, all d a o m i, 
by the Irwell, through Salford and Maoeiheater. Unloi 
each of these pnrifiea its own sewage, the law oauua 
equitably be enf oroed <m Manohester and SalfunL Tka 
seems a speoial case where the direoi interrentson of 



the Looal Government Board, to act simoltaxieoaalj, a 
called for <m every aooonnt ; and I venture to expres 
my oonviotion to yon, of the urgent pablle poHcv d 
advising Oldham to act at once in purifying the eevaf* 
of its own locality, and bringing into fedeoratifln^ 
small adjacent places. It woud seem deomhle that a 
limited period should be fixed for aoc fwnx > Ka h h i y tbt 
work. £f this advice were given by the Loisal GcrroB- 
ment Board, I believe Manchester and SalfoKd wxnli 
then proceed with their own duty of puiifioslkm, aad s 
useful example to all places in Lsncaaihire and Tcck* 
shirB would DC set. 

Having regard to the great magnitude of the woriu 
and my interest in its national importaaioe, I hope yoa 
will not think I am carried too far if I ask yon to 
consider the expediency of constituting acme ocgaaiB- 
tion in Lancaamre, which, in Mendly oommnnicatiA 
with all places, might aid in inducing Laztcaahire, ia 
its respective catchment baains, to mdte in haying oat, 
without farther delay, the several neoeaearj Bcnemfa lor 
purifying the rivers <rf the sewage. 

By adopting the prindplea of federatioo, I aaa eoa- 
vinoed that a great bemAt would be ooofsRod on Ikt 
several millions of the people congregated in the bmbs- 
facturing places of the North of iCng*^-**^^ which eoa- 
stitute a taxge proportion of the country ; wUct, 
without such stimulus, experience has sihown that iha 
work may oontinae undcme for years. O o s i ae i f s acy 
over rivers, which the Committee of the Hocmb d 
Lends reconmiended in 1877, seems inevitable in dd 
progress of sanitary improvement, and aonae pRliaii- 
nary inquiries and action would appear to be a ^aoM 
preparation for introduoing that neoeasar] 
of nvers.* I am, Ac., 

8i 



The answer of the Board was f arouzmfale, but it 
stopped short of adopting compulsory actaom. 

Looal OoreniBieiit Boaid, IVUiihaD. &W 
«hMuab,187». 

Mt Lobs Dukx, — I am directed by the Looal Gov«a- 
ment Board to state that they have oonsidaied tht 
r e p re s en tations contained in vonr Ofaee*a letter ef ikr 
28th of Januaiy last, and they wish to iiImmji m tbii 
they are always ready to give attention to any appBca- 
tion, which mav be made to them for the f onnaciai d 
any large united district for purposes cdf sewage dispoakL 
under Section 279 of the Puhlio Health Act. ISTi 
Moreover, thev are also ready at all timea to naider aat 
aasistance in their power to local anthoritieB who wii 
to combine for theee purposes, under Seotioa S85 ef tlv 
Act. Some combinations have aheady been lame^ 
under both of these enaotraenta, and tlie Board hat* 
now before them some oases in which it is ptupuawl xhox 
like combinations should be formed under one or othir 
of the sections in question. 

At the same time the Board'a experienoe loarfa them 
to believe that, generally sneaking, it is desirable fcr 
them to wait unm their aesistsnce is aourikt, by ont ^ 
more of the aanitary authorities yropo M g to fom a 
combination, before tiiev interfere m the aaSlsr ; sa4 
it must be home in mind that the Board have no poww 
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compel a oomliinatiofn imder Seotion 285, and that 
hej can only prooeed under Seotion 279 upon tha appU- 
ation of one <n the lanitarj anthorities interasted. 

The Board have not at pzeaent xeoeiTed anj each 
application with respect to any of the plaoee to which 
rour Qrace refers, but with regard to some d these 
lUoes, they have before them matters whibh inTdlye 
he question of sewage purification. 

In dealing with these matters, the Bosrd will not fail 
gi?e oonsidBration to the views expressed bj yonr 
haoe as to the desirability of a oombination of antho- 
ities being fanned to deal with the disposal of the 
ewage. 

I haye the honour to be, my Lord Dnke, 

Yonr Grace's obedient ssrrant, 
(Signed) Jomr TiAwinnrr, Seoivtaiy. 

To His Onoo the Duke of Bnthfrrianfl, K.O. 

10. An Opinion has been expzewed by ciTil 
ngineers of knowledge and ezperienoe, that sani- 
ary soienoe has been retarded oy the antiquated 
ffejudioes of the mspectom of the Local Govern- 
nent Board in fayour of Irrigation. A late Presi- 
lent of the Institute of CiTil Engineers once said 
me : — " The simple result of the utilisation of 
Kewage by Irrigation is the production of a penny 
labb^^ at the cost of sixpence, and a pestilential 
isi^bourhood besides." 

11. The rides of sewage irrigation of the Local 
jOYemment Board were exposed in the Beport of 
1876, when the following cautions were issued: — 

" Land irrigation is not praotioaUe in all oases, and 
heref ore otiier modes of dealing with Sewage must be 
tllowed. — {p, ziiL) 

'^Theoontinaonsapplioation of town sewage to all 
oilB is by no means an unalloyed benefit, as in some 
ases and seasons, and especially upon dry land, it may 
w rather injurious than otherwise. Very few or^ps are 
totufllly benefited by the direot appUoation of sewage 
ipon a stiff and retentive eoil; mdeed, Italian rre 
Ifraas, cabbage, and mangold wursel seem to be the 
mlj farm crops that persistently flourish upon any soils, 
lesTy or light, under eontinnal doses of town sewap;e. 

. . . The cultivation of sewaged land, for m* 
itanoe, requires more than douUe the amount of 
nsnual labour which is usually emplored upon arable 
and, and more horses must be kept wan upon an or* 
linary fum. .... To properly stook and work 
i sewage fwm, upon whioh the main produce is oon- 
maied, quite five times the usual amount of money will 
M needed. One at the matest diiBonlties is to keep 
the sewaged land dean." 

'*We hare been also assured bf a gentleman of vast 
sxperienoe that the lon^-oontinued application of 
lewage to the same land fails to produce the like bene- 
icial effect as what it was first used.'* 

** Most sewage Anns are at pre s en t under the oon- 
lol of ever-changing Town Councils and Local Boards, 
rhoee members must, as a rule, be ignorant of practical 
tgrionltore." (p. zzxvi). " Disappointment has there- 
'ore been expressed at the poor flnancial resnlts of sew- 
^ farms." 

Notwithstanding the official publication of these 
news, some Inipeotors of the Board con- 
tinued to insist upon the acquisition of land, in 
mnecessanr quantities, as the first condition of 
recommending a loan. When in Manchester last 
fear, two cases were brought to my notice, and I 
ras impelled to ctkll the attention of the Local 
Sovemment Board to reports, published in the 
Ulanohester newspapers, of the obserrations 
>f inspectors made at lodil inquiries on the 
luantity of land required for porifiofttion of 



sewage. I receiyed an oiBoial answer, dated 6th 
February, 1879, stating, "that the Preodent 
can only say that the inspectors are instmoted 
not to express publicly any opinion upon the pro* 
posals into which they have to inquire, except in 
those cases when the views of tho Board have been 
distinctiy ascertained on the subject, and the Board 
themselTes are always very careful to abstain f^m 
adyising local authorities as to the particular scheme 
which they on^ht to adopt. In fact, when the 
Board are apphed to for advice as to the sewaee of 
a district, they invariably recommend the local 
authority to call in and consult some competent 
engineer, and point out to them that it is onlj 
when plans have been prepared, and a loan is 
required, that the Board will be in a position to 
consider the matter. Of course, when appli- 
cation is made to the Board to sanction loans for 
works, it is requisite that they should take all 
necessary precautions to satisfy themselves that 
the works will be effectual ; but so far from dis- 
couraging scientific progress, they are only too 
glad to have brought un&r their notice any scheme 
which can be reasonabljr relied npon as com- 
bining economy with effimencry in deiuing with the 
difficmt question of sewage disposal." 

12. Nothing can be more satisfactory than 
this dedaratum of principles, whioh, I believe, 
will prove of the hignest ^ue to the progress of 
sanitary science, and I rejoice that 1 have the 
opportunity of thanldng Mr. Sclater-Booth, the 
^%sident of the Local Government Board, for it. I 
am sure it will be most acceptable and encouraging 
to the sanitary engineers throughout the country. 

13. In the present state of public opinion and 
knowledge, I submit that strong compulsory 
legislation, to deal with the science of sanitation, 
is hardly possible, and not desirable. In sanitary, 
as in other subjects, Government in this countz^ 
must follow, and not lead, public opinion ; and it 
can never be dogmatic in science. But as the 
public mind becomes made up for action, it seems 
that the Government should itself act promptiy. 
Federation of small places, with central local action* 
may be insiflted on, and compulsory prohibition 
against poUuting the Thames seems to me a case 
v^iere Gravemment may say at once, ** This must 
be no longer." 

APPENDIX A. 

COHVXDSBAXXON OF PLAOBB ZV CaTOBIBIIT BlSIHS 09 

BxTBBs TO Pmwoxs thx Eoonojooal PCBZnOATZOir 
ov Sbwaob. 

Plaem en ike Sivir$, 8irttm9, wd JTaUreomrut in tM$ 
JrwU^ Mtruy, J?tM^, and CaUUr Caiehmmt Soiim, 
having 5,000 inhMtanU tmd ujfwmrd§f and the pri$ent 
$taU of their awage. 

The facts stated are compiled from Lord Bosebery's 
Parliamentary Betum, 1876 : Looal Government 
Directory, 1877, and various Sanitary Bnports of the 
Sodei^ d Ajts, Ac., and have been submitted for 
correction to the several looal authorities. 

Irwell Botin, 

AsTLET BBXDax.— Population, 6,000 ; rateable value, 
£23,174 ; Astley Brook into Croal. Ko retom. 

AuDBHSKAW.— Population, 6,000 ; rateable value, 
£16,600 ; Tame. Some sewage scheme authorised by 
Lottd Government Board in process of exeouti^m* 
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BaOW.— ^PlD]^ali«i<m, 2^,000 ; raifeMbk Ttlne, jB88,017; 
trwiXL TSlo Mtnrn. 

BABiOir EoaLE8.-^Poiral«feiaB, 19,000 ; nieaUe yalue, 
470,000; IrweU. Nothing done. 

BoiAOW. — Population, 105,000 ; rateable ralue, 
£296,646 ;^ Croal, Tonge, and Irwell. Bolton has a lime 

?raoipitation scheme, but has difficulty in dispofdng of 
iie sTudge. 

B&ADFOBD. — Population, 14,000 ; rateable value, 
]C27,643; Hedlook. No return. 

Bust. — Population, 52, 000 ; rateable ralue, £2 1 0, 063 ; 
Roach and IrweU. Nothing done. Dndxiage plans 
preparing by Mr. Cartwright, Borough Suireyor. 

GA9SZAION BT RoGRSAUB. ^Populatton, 4,000; rate" 
Mb value, £23,000; Roach. Nothing done. Mr. 
I^arrar, C.E., is preparing plans. 

Graixdbbton.— Population, 14,200; rateable valoe, 
£60,001 ; Irk. Nothing done. 

CaoicpTON (near Oldlmm.) — ^Population, 7,300 ; rate- 
able value, £29,745 ; Roach, Irk, and Beal. Nothing 
done. Mr. Farrar, C.E., is preparing plans. 

CfiuxFSALL. — Population, a, 340 ; rateable value, 
£23,751 ; Irk. Nottiing done. 

DbOtzjbdkn. — Population, 6,678; rateable value, 
£21,874 ; Medlook. Nothing done. This distriot has 
been in ooitwpondenoe with the Manohester Corpora- 
tion, and may, with other adjoining distriots> be inetuded 
in their scheme. 

Failswobth. — Population, 6,800 ; rateable value, 
£29,264 ; Mostoa Brook into Irk. Nothing done as 
yet. 

FjourwoBTH.^-Population, 22,000; rateable value, 
£56,000; Croal. No return. 

QoBTON. — Populatiob, 3 1 , 000 ; rateable value, £89, 798 ; 
Irwell and Mersey. Nothing done. 

Halliwbll.— Population, 10,000 : rateable value, 
£40,540; Astley Brook into Croal. Nothing done. 
Ineorporated. 

HAauDni]iEN.*«>Population, 13,000; rateable value, 
£40,020 ; Irwell. Nothing done. Mr. Famtr, C.E., 
hMproparsd plans. Worlu in progress. 

HsTWOOD. — Population, 23,000 ; rateable value, 
£97,903 ; now drained under Mr. Farrar, G.£. 

ITKABiff.icY. — Population, 5,950 ; rateable value, 
£28,548 ; Irwell. Nothing done. 

LiTTLSBOROtroH.— Popu&tion, 8,500 : rateable value, 
£31,300; Roach. Nothing done. Drainage begun 
under Mr. Shuttleworth, Local Board Surveyor. 

LrniiS liEVSft.— Fopuladott, 4,204; rateable valu*, 
£18,218 ; IrweU. Mr. aarrar, C.E., hae pwpared 
plans. 

Manohsbteb.— Population, 351,180; rateaMe value, 
£2,125,759. Phms prepared by Mr. Bateman and Mr. 
Lynde. They indue a treatment of the sewage on 
north side of Harpurhey (Irk, population, ) ; 

Newton (Shootersbrook, population, 22,000). On Routh 
side, of Ruahobne (Irw«}l, population, 10,670). MOn 
ftidc (Irwell, population, 12,o00), Levennhulme (popula- 
tion, 2,500) ; Withington (Irwell, population, ) ; 
Strctford (Irwell, population, 19,000) ; and Barton-on- 
Irwell (population, 19,000). On the west side, Droyls- 
don rMedlock, population, 6,678) ; Openshaw (Ghorton 
Broolr, population, 13,500) : Gorton (Irwell, population, 
31,000). 

Mi&DUKrov. — Popnlatian, 14,580; rateable value, 
£86,461; Irk. Nothing done. 

MiufBOW. — Population, 6,700 ; rateable value, 
£19,751 ; Beal. Nothing done. 

Moss-siBE. — Population, 12,500 ; rateable value, 
£63,151 ; Irwell. Nothing done. 

Newton Heatr. — Population, 25,000 ; rateable 
value, £86,552 ; Medlock. 

Oldraic. *- Population, 100,000 ; rateable value, 
£803,579; Irk and Medlock. Nothing done. 

PuSTWtoB. — Population, 6,820 : rateabks value, 
€32,084: IrweU. Nothing done. 



I RAsaunrt. — Popnlotion, 18,000 ; 
£71,402; Irwdl. Drainage ooniBiRiaed 
Farrar, C.E. Drainagie cai Msd now. 

RAWTBNSTAiiL.^Po^ilstion, 18,000; 
£37,174; IrweU. Nothing done. 

Rooai>Ai.B. — Population, 68,650 ; 
£279,623; Roach and Spodden. Nothing doaie. Dna- 
age plans preparing by Jb. HeiwaoD, Bomagk 8ar. 
veyor. 

RotTON.-^Popuhition, 8,000; mtaable vahw, £iTM2. 
Irk. Nothing done. 

RiTSHOLME. ^ Population, 10,670 ; nleabla vwim, 
£72,353 ; IrweU and Mersey. Nothing' donae. 

Salfobd. — PopnlatioiL, 138,890 ; rataabia valw 
£749,682; Inrett. 

8 T B »f f O aft .~-Popttlatiott, 19,000; rsteable ralcf. 
£108,000; IrweU. Nothing done. A small metflas 
tank is fixed on the banks of the Mersey for the viUac^ 
portion of sewage. 

SwDiTOir and Perdlkbubt. — PopoUtifim, 20,001. 
rateable value, £67,907; IrwalL NatiuB|fdan«. Keen. 
Brookbank, Wilson, and Molliner are prepmnog phas. 

WmTSFi£u>.— Populatioa, 9,800 ; rateaUe valw. 
£39,412; IrweU. Drainage begun undfir 3Cr. Farrv 
C.E. 

Whitwobth.— Population, 11,000; rateable TA!«f. 
£38,218; Spodden. Nothing done. (48 pla<)ea.) 

Meney Bonn, 

AsHTOK urMucEBFiSLD.— Population, 9,000 ; nOsaliit 
value, £47,000 ; Down Brook and MillingforJ Brur.k 
tributary of Mersey. The Ashton Looal Board tavt 
carried out an irrigation scheme. 

AsRXON OR MslttRt.— PopolataOB, 10»000; Movr. 
Drainage oommeneed under Mr. Newton, C.£. 

AsHTOi7-nNDEB-LTRE.~Population, 31,980; lalssU* 
value, £101,437 ; Tame poUated and flow* iaio Merwr 

Atrbbtok. — Population, 10,200 ; rataabda vahtf^ 
£40,600; various brooks into Metaey. Main 
and lime IVeoipitatioa Worka on tiia poiai of 
tion. 

BtBXSNaEAD.^-Popnlation, 55,000; rateable 
£232,312; Meney. Nothing done. 

BooTLE«cux LncAGRB. — Population, 24,500; 
value, £ 1 16, 102 ; Mersey. Nothing done. 

Crbadlb. — Population, 6,000 ; lataable vilu-. 
£40,000 ; Mioker Brook and Mersey. Ko4]ikig d«a* 
Flans prepared by R. Vawser, C.E. 

DBRTOir.— Populatioii, 6,000; ratea ble valae, £i9,H4 . 
Mersey. Nothing done. 

DtTEDYRBLD.— Popnlation, 16,000; lataabls vaU'N 
£54,378; Tame poilvted into Mareey. Mr. Gbitwrifkv 
C.E., has prepared plana for ialefteiitiiis ee 

Gabstox. — Population, 8,500 : 
£55,440; Meney. Notlong done. 

Hatdooe. — PopulatioB, 5,280 ; 
£18,763; Sankey Brook into Meney. NotUag 

Heatok NoBBts. — Populatioa, 6,500 ; vat^U 
£26,995 ; Merney. Drainage oonuneneed uader Mr. •' 
H. Lynde, C.E. Main drainage eetimatfid to eoal abw} 
£15,000. No systeai of pnrificatioa aa yai ad«>pC<«l 

HzKnLBY.— Population, 10,620; r«t«abW yu** 
£54,190; Bosdane Brook into Meney. Noilua^d*' 

HuBST. — Population, 5,650 ; rateable value, 4l6,«i>« 
Hurst Brook poUutcs the Tame. Nothing done. 

Ht»e.— Population, 14,228 ; nteaUe valnei, £54.Ai'« 
Tame. Nothing done. Plans prepared faw R. Vawwr 
C.E. 

Lbior.— Population, 19,700 ; rateable value, £61,T& • 
Glazebrook tnbutair of Mersey. NothiDa dune. 

LxVEBFOOL.— Population, 521,500; rateable rtl:^- 
£3,000,395; Mersey. Nothing done. 

Macglesfield. — copulation, 35,571 ; ratrabk* tsIc 
£78,079; BoUin into Mersey. Nothing done. 

MossLEr. — Population, 15.000 ; rateable vihr 
£86,000: Tame poUuted into Mener. NotldB^dfor. 

Nswiwpr » Maubifxxu).— PopuMton, 0,090 : ntr 
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able Taluei £38,000 ; Newton Brook, Sonkey Brook into 
Mersey. NotMag done. 

PBESCOT.—Populafcioii, 6^90 ; rateableyalue, £11,682 ; 
Preficot Brook by Sankey Brook into Mersey. 

RuxcoBx.— Population, 14,000; rateable value, 
£39,613; Mersey. Nothing done. 

St. Hblews.— Population, 50,000; rateable value, 
£188,796 ; Sankey Brook into Mersey. Nothing: done. 

Salb.— Popiilation, 5,573; rateable value, £44,102; 
}ieT9by. No system of tt«ateient. 

STALTBBi]MiB.^Popnlaiticm, 21,040; rateable value, 
£70,000; TamepoUuted into Meney. Nothing done. 

Stockpobi.— B4»alati<Mi» 53,001 ; rateable value, 
£161,687; Mersey. No eydt^n of tnatioent. 

ToxTETH-pABK.— Population, 7,000; rateable value, 
£60,281 ; Mereey. Nothing done. 

Tbanmebb. —Population, 17,478; rateable value, 
£66,972 ; Mersey. Nothing done. 

TrLDESLBy. — Population, 8650 ; rateable value, 
£40,132; Hindsford Brook into Mersey. Nothing 
done. Has an irrigation scheme prepared. Plans 
prepared by R. Vawser, C.E. Application has been 
made for sanction to bomnr £30.000, for the purehase 
of land for sewage inrigatian, ana for main dmins. 

Wallabet.— Population, 14,819; rateable value, 
£95,599; Mersey. Nothing done. 

Wabbinqvon.— Population, 40,000; rateable value, 
£125,228; Mersey polluted. Nothing done. 

"Watbbloo with Sbafobth. — Population, 7,000 ; 
rateable value, JS4 7, 124: Mersey. Nothing done. 

^Wavebtbeb. — Population, 8,000 ; rateable value, 
£73,887 ; Mersey. Nothing done. 

West Derby.— Population, 31,400; rateable value, 
£166,768; Mersey and Alt. Has a sewage farm to 
«hich the sewage of the greater part of the district is 
taken. The aewage of a small part only of the district, 
goes into the Mersey through uie sewers of Liverpool. 

WasTHOUOBTOH.— Population, 8,220; rateable value, 
£31,176 ; Brooks into Mersey. Nothing done. 

WiDNES. — Population, 20,000 ; rateable value, 
£86,156 ; Mersey polluted. Nothing done. (37 plaoes.) 

Ribhleand Colder Satin wtth Pendte Water j ^e, 

AccBiMOTON. — ^Population, 34,000; rateable value* 
£80,241 ; Hyndbum Biver and Aocrington Brook. 
Sewage water diainfeoted with McDougall's fluid. 

Blacebubx. — Population, 90,000 ; rateable value, 
£247,104 ; Darwen tributary of the Kibble. 

BtTBmCBT. — Population, 49,000 ; rateable value, 
£112,185; Bnm, Oalder, and Pcndle. Purilled by 
J^ott's prooess. 

Croblbt. — PiBpnkition, 18,000 ; rateable value, 
£)6,3d2; Yam)wmto Douglas and BibUe. Irrigation. 

Clayton-ui-moobs. — PopolatioB, 6,600 ; rateable 
ralne, £15,028 : Hyndbnm. Nothing done. 

CuTHEBOE.— Population, 8,217 ; rateable value, 
£26,136; Wilkin Brook tribataiy of the Ribbln. 
Xothing done. 

Geeat Habwood.— Population, 5,500; rateable value, 
C14,000; Hyndbum. Nothing done. 

(>7EB Dabwen.— Population, 26,000 ; rateable value, 
£66,778; Darwon. 

Padiham A3rt) HAKOjf.— Population, 9,000 ; rateable 
vahifi, £17,200; Caider. Nothing done. 

P«awow. — Populatton, 85,428 ; rateable value, 
£247,110; RibUe. Nothing done. 

ToBMOBBBN.— Population, 25,000; rateable value, 
£64,475 ; Caider pdluted. Nothing done. 

WiOAN.— Population, 42,000; rateable value, £114,064; 
Douglas. Nothing done. [13 places. Total, 98 places.] 

Note. — The numbers of the population and the amount 
of the rateable value, taken from the Local Grovemment 
Birectory of 1877, should be considered only as approxi- 
fflate. In numerous cases the population given in the 
Local Government Directory offers from Lord Rose- 
wry' s retnra. 



THE THAMES AND ITS TRIBUTARIES. 
By C. K. Crenwell, Inner Temple. 

At the commencement of the prefent century, 
the Thames was a pure and wholesome river* 
Now, throughout a great part of its course, it is 
the common sewer of Middlesex and Surrey. The 
Thames bos many tributaries ; either natural 
streams, as the Mole, the Crane, and the Bront, 
converted into open sewers by a prooess of gradual 
contftmination, or artificial feeders direotfy oon- 
▼eying the sewage of populous towns into th« 
river bed. This is the practical outcome of sanitary 
efforts in the Thames Valley during the past 30 
years, the history of which period is a tale of doin|t 
and undoing, of official meddling and local 
muddling ; of misdirected zeal on the one hand, 
inert bewilderment on the other. Heretofore the 
public health had been no concern of QoTemment, 
but the ravages of cholera in 1847, and th« 
abnormal increase of disease in the centres ol 
population, arrested the attention of the Legis- 
lature. In 1648 the era of tentative legislatibn 
began, and the Act was passed *' for improving 
the sanitary ccmdition of towns." The metropolii 
and its suburbs wen exoludf^d from this Act, for 
diters occult reasons not altogether intelligible 
to ordinary minds. The alleged ground was, that 
the sanitary condition of the metropolis had, for a 
period, as far back as the reign of Henry YIII., 
been regulated by Commissioners of Sewers, the 
powers and jurisdiction of which were extended 
and consolidated by another Act in the same year. 

In 1850, by Order in Counoil in pursuance of this 
Act, Richmond was included within the jurisdictiun 
of the Metropolitan Commissioners, and a looel 
inquiry was held by Mr. Donaldson for the purpose 
of investigating the best means of improring its 
sanitary condition. He advised, and designed a 
plan, for carrying the sewage to tiie old Deer-peffk 
belonging to the Crown. The Crown objected, 
and the Commissioners thereupon resolved to take 
the whole sewage direct into the Thames. The 
inhabitants, aisled by the proq)eot of river 
pollution, protested against the prolanetio&^ but 
they protested in vain ; the fiat had gone forth, 
and the sewage soon fiowed by two outfalls into 
the riter, one above, and the other below the 
old bridge. 

A system of sewers was constructed at a eeet of 
more than £20,000, and the Oommissionerg of the 
period approved the work, persuaded that they 
had taken an exemplary step in a right direction. 
Iliere were stringent provisions in the Act of 
1848, for perfecting the drainage of towns ; oeas- 
pools and middens alike disappeared ; water-closets 
became the order of the day, and an augmented 
volume of intercepted snlliage went on its silent 
way into the bo«om of Father Thames. Nobody 
seemed to anticipate pollution in th»t day; 
*' organisms and fungoid jgrowths " were in the 
womb of the future, dimly descried, perohanoe, 
by croakers and crotchet-mongers, but «s yet 
unrealised in tiie world's philosophy. The town 
of Richmond having been thus well provided, the 
good example was not lost upon the neighbour- 
ing towns and viUages. Twiekeaham, Isleworth, 
Kew, and Brentford followed suit with eoaunend- 
able alacrity, and the gas works of the last- 
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mentioned town giatoitonflly diTenified tbe general 
eurrent of oontamination. 

Oiker towns upon the Thames, outside the juris- 
diction of the Commissioners, obeyed the common 
impulse ; until, in 1855, flounders, gudgeon, and 
other delicate fish refused to face the opposing 
filth, and the occupation of many a fisherman in 
tiie middle reaches was gone. At the same time, 
the state of the zirer at low tide forbade the 
recreation of either bathing or boating to the 
inhabitants below the viUa^ of Twickenham. 

In 1861, a Bo^ Commission reported that the 
pollution of the riTers of the country had " become 
a national evil," and, in 1866, Parliament, alarmed 
by the consequences of its own handiwork, passed 
the " Thames NaTigation Acts," for the purpose 
of restraining the flow of crude sewage and other 
refuse into the Thames, or any watercourse within 
three miles of its channel. 

The effect of this change of front upon the local 
authorities, who were not left long in doubt as 
to ^e object of the Acts or the intentions of the 
Conservators, was general consternation. There 
were memorials to the Secretary of State, and 
Committees of the House of Lords, as to the 
exceptional situation of these riverside towns, 
where the value of land was high, and the 

aaoent Crown properties shut them in on either 
). Nevertheless, notices were served br the 
Conservancy as soon as their Act was passed, and 
the sewage, which the Commissioners of 1850 had 
carried into the rirer, could be permitted to pollute 
it no longer. 

The notice of 1867 produced some interestinsr 
correspondence, nothing more ! It was renewed 
in 18C&, when Bidhmond had recourse to Parlia- 
ment. A reprieve of two more years was given, 
and the authorities again proposed to dispose of 
^e sewage bjr means of irrig^ition on land near 
Maldon. This failed. Thereupon, precipitation 
was suggested, upon a site in the ola Deer-park. 
The Crown autnorities Agein objected, more 
peremptozily than before, luen ensued a series of 
liocal uovemment inquiries, culminating, at length, 
in a Provisional Order in the year 1872, which was 
afterwards abandoned as an impracticable abortion. 
There were a further attempt at irrigation near 
Hanworth, and, finally, both Kingston and Bioh- 
mond were advised to adopt precipitation on Ham 
fields. But all in vain I lu*. Bawlinson decided 
against Kingston, althou^ the spot selected was 
within the parish, while Mr. Hawkesley's recom- 
mendation of the same site for Bichmond provoked 
a still greater storm of opposition from the local 
proprietors, on the gnmna that it was without 
the district of that sanitary authori^. 

Driven to bay, Bichmond appealed to the Board 
of Trade, and the award of Gapt Douglas Gblton 
secured for it a further reprieve of two years. The 
Conservators, durinc this interval, directed their 
attention to the nei^bouring towns, and local in- 
quiries, held in <pdok succession, kept the Thames 
YaUey in a condition of sanitary fermentation. 

Two years previously — vis., in 1872— >there had 
been held at Kmgston a kind of Sewage Parlia- 
ment, at which Sir Joseph Basalgette had ex- 
pounded his plans for purifying the river, from 
Windsor to the metropolis, by pumping the sewage 
backwards to land at woodlmm-heath, near Chob- 
han. This oongrses of repres e ntatives, without 



either l^gal status or power of cohesion, had no 
result, and the project of Bar Joseph Basalgette 
was never fairly cuscussed. Anouier, less am- 
bitious attempt at combination failed, when 
Kingston broke away from the xirojected union, 
and proposed a scheme of chemical precipitation 
on tne banks of the Thames, near tne Borougli 
Gasworks, and opposite to Hampton-wick. Tbe 
inhabitants of that suburban retreat rose at onoe, 
marshiJled by the Chairman of the Local Board, 
and defeated the proposed pi an of sevrage di^waaL. 
on the ground that one aCeady existing nuiaanoe 
(of a gasworks) could not justify the gratuitous im- 
position of another. 

Hampton - wick itself had not escaped tha 
omnivorous attention of the Conservators, who 
had, in the interval, served notices also upon 
Heston and Isleworth, Twickenham, Kew, Brent- 
ford, and other riverside offenders. Meanwhile, 
the Public Health Act of 1875 was passed, amid 
feedings of general dismay and helplessness, and 
Surbiton came to the front f orthwitn, with a plan 
of uniting the adjoining districts in one oom- 
binatioU; under the provisions of that Act. Sir 
Joseph Basalgette had projected another sdieme 
for carrying Uie sewage of the proposed district 
downwiu!ds into the Biver Thames at Sea-Beach, 
in combination with the West Kent drainage 
system, which had just receiTed the sanctum of 
Parliament. 

This is known as the *'heroio scheme," and 
after long consideration, and more than one local 
inquiry, was rejected by Col. Ponsonby Cox, B.S., 
as a conception which, although pnuHacaUe from 
an engineer's point of view, was b^ond the needs 
and limited resources of the Thames Talley 
district. 

To his famous report of January 11th, 1866, be 
appended certain suggestions as to tbe best 
" practical mode of dealinsr with the sewage ** of 
places situate below Teddington-lock, vis., by 
'' predpitation processes efficiently worked ; '* and 
the official promulgation, in the March following, 
of these opportune suggestions, excited a new 
sensation, together with a sense of real relief, 
among the bewildered local authorities. 

In October, of the same year, a conference of 
delegates from each local authority was held, 
under the presidency of Col. Cox, B.E., himself, 
at Westminster, to consider tho question of united 
action, within the provisions of the Act. How- 
ever, Twickenham and Brent f ord held proudly 
aloof from this conference, and it was left for 
another local inquiry at Kingston, in February, 
1877, to determine the limits of the proposed com- 
bination. In that year, all the districts named in 
the api>lication of Hampton-widk, were combined 
by provisional order, save Heston, Islewortb, and 
Brentford, and a few other places, which were 
reserved for after consideration. Twidmiliam, in 
spite of vehement opposition, had been adiedided 
in the proposed combination, but the inbabtlants 
carried their case into the Committee of Paiiia- 
ment; and, after a hard fought contest, made 
good their contentions, and were finally excluded. 
At the end of 1876, Heston and lalewortb, and 
Brentford, resolved to give effect to tbe suggea- 
tions contained in Colonel Cox*s report of Uiat 
year, and to provide for themselves a system of 
sewage disposal <* by means of precipitation pro- 
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oesses efficiently worked," within their own 
borders. 

The projects of both districts were summarily 
rejected ; and the respective local authorities dis- 
covered to their cost that the favourable opinion 
of one Goyemmcnt officer will not secure the 
a«66Qt of another, and that the department in 
Whitehall does not hold itself bound to the 
approral of a scheme which has been designed in 
direct pursuance of the recommendation of its own 
inspector ! 

After this disclosure, it is difficult to estimate the 
cxftct value or purpose of local inquiries, or even of 
official inspectors, unless the reports be read in a 
(»en86 exactly opposite to that which the authors 
intended. 

Discomfited and disheartened, Heston and Isle- 
worth sought refuge in the united fold. Brent- 
ford, like the Peri, stUl sits expectant at the gate 
of Paradise. 

All eyes were now tamed to the ** United 
Drainage Board " for the solution of the vexed 
question, by means of a mature and well-digested 
bcbeme of sewage disposal for the whole district. 

It came at last, after much pain and long gesta- 
tion, under the auspices of Col. Haywood and 
Hr. Peregrine Birch, in the guise of a colossal 
project for pumping the sewage over 800 acres 
of knd near Moulsey ; whether by crude irriga- 
gation merely, whether by irrigation and pre- 
cipitation, or downward intermittent filtration 
comhined, the outside world has never heard. 

Wc assume, of course, that the engineers had 
considered the exact method of disposed; but 
tkesc details were never discussed publicly by the 
Board, and the most eager inquirer failed to ex- 
tract any definite information as to details, or 
estimated cost, of the system to be ultimately 
adopted. Great names were freely used as 
sponsors for the superior excellence of uie selected 
plan. Nevertheless, the minds of the ratepayers 
wore disquieted within them, although such men 
as Dr. Frankland, Col. Jones, V.C., Mr. Chalmers 
Xorton, Dr. Tidy, Mr. Hawkesley, ^^cum miUtia 
diiSf^' had been vouched as to the fitness of the site 
for irrigation, and the Parliamentary Committee 
certainly revealed no abat^nent of confidence. 
Chie thing was certain — there would be no local 
inquiry, as prescribed by the Act which created 
the Board ! To Parliament itself, at one bound, 
they had resolved to go for a special and enabling 
Act. 

It was, at the same time, announced that the 
process eveutuallv to be adopted was a mere 
matter of detail to be considered thereafter. 
"Hiis resolve provoked an outburst of widespread 
alarm and agitation. Every interest, far or near, 
local or metropolitan, public or private, personal 
or official, real or sentimental, combined to resist 
the threatened intrusion ; while certain gratuitous 
^uses in the Bill for closing their, intakes at 
Thames Ditton, brought all the water companies 
into the field — a polid phalanx armed to the teeth 
to do battle for their special rights and privileges. 

The contest had waxed furious, when a circular 
from the United Board was issued to the several 
constituent authorities, calling their attention to 
the transparent necessity of separating rainfall 
from sewage throughout the district to be bene- 
fited by the project. We doubt not that the 



engineers had well considered this indispensable 
condition of sewage disposal. It is clear that the 
Board, in its deliberative capacity, had never 
discussed it. Certainly the constituent autho- 
rities had not ; and when Bichmond and Kingston 
received the circular for consideration, they flatly 
refused to give any opinion, or bind themselves 
beforehand at that stage of the question. 

The prospect of having to construct yet another 
system of sewerage in their much belaboured streets 
and byeways alarmed the ratepayers of these two 
towns, and their zeal for the new project visibly 
abated. 

The less populous districts, yet unsewered, 
easily assented to the proposal; but there were 
heart burnings abroad, and smothered defection 
within, and whilst the agitation was at red heat, 
the House of Commons extinguished the conflict 
and strangled the Bill upon iU second reading.^ 
The result has been received with unruffled equani- 
mity by the ratepayers, who await with patience 
the next scene in a strange eventful history. 

You will find its parellel in almost every water- 
shed of the Kingdom. Everybody indeed every- 
where is bent upon ridding himself of sewage, 
and removing the nuisance from bis own doors ; 
butnobodytmnks, or cares to think, what becomes 
of the volume of sewage, providing that it be re- 
moved beyond his borders. 

The dwellers on the banks of the Thames know 
full well what has become of it. Borne on the tide 
in uniform oscillations, the filth flows on for over, 
even into metropolitan water below Battersea, 
under the very noses of those who fondly thought 
to have rid themselves once for all of thenidsance 
by the main drainage system of the metropolis. 

This colossal work, with its pumps and culverts 
and all the massive grandeur of the Thames Em- 
bankments on either shore, is on achievement worthy 
of its author. Nevertheless, when regarded from 
that point of view which will find most favour in 
this Conference, the whole scheme of interception 
has stopped short of its just fulfilment, and in re- 
gard of wasted wealth, and neglected opportunity, 
has become a national humiliation. 

It is cheaper to waste than to utilise it, argue 
the professors in paradoxical fashion. It is an un- 
worthy excuse ; and only another mode of saying 
** We have not yet found the right method, and 
there is not sufficient public spirit to take the 
trouble of searching for it." 

Twenty years ago, Cubitt, twice Lord Mayor, 
declared that the system of sewage interception, 
combined with the pumps of the water companies, 
would effect a diversion of the Hiver Thames to 
the extent of one-fourth of its average volume 
above Teddington-lock. It is, indeed, far more. 
That volume, supplemented by the rainfall of the 
metropolitan area, and polluted by the excreta and 
ablution of milHons of men and animals, is poured 
daQy into the river ! 1 20,000,000 gallons of diluted 
filth in the immediate vicinity of the populous 
suburb at Woolwich ! 

The condition of the river below Barkis^-creek 
in the heat of a summer's morning, at mid ebb, 
beggars all description. The mariner, fog-bound 
and becalmed, as each turn of the screw stirs up 
the film and slime floating on the surface, can 
appreciate at his leisure the well-remembered 
words of the late Mr. Newton, chairman of 
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oommittee of the Metropolitan Board of Works. 
"We have got rid of our sewage" (he is reported to 
have said in Jan. 1873) "and with the sanitary 
aspect we have nothing to do." 

Nobody, in truth, appears to have anything to 
do with the sanitary aspect of metropolitan drain- 
age. It is true there is the Rivers Pollution Pre- 
vention Act of 1876, but as in 1848, so now in 
1876, the metropolis is above the law of the land. 
There are Conservators of the Hiver also, and 
their engineers and Captain Calver, report ever 
and anon; yet the Conservators do absolutely 
nothing, paralysed, it mav be, by the enormity of 
the transgression, or aghast at " that matchless 
intrepidity of face " with which the authorities in 
Spring-gardens avow the deed, and openly seek 
to justify it. In justice to the Conservators, I 
may remark that b^ their Act of 1867, the duty of 
preserving the punty of the water of the Thames 
extends downwards to the western boundary of 
the metropolis, and not farther, in respect of 
pollution arising from sewage outfalls. Within 
their own limits, the Metropolitan Board have 
violated both the letter and spirit of their 
Acts, the avowed object of which was " the purifi- 
cation of the Thames." Certain is it that, what- 
ever the technical construction of the statutes, the 
Legislattu^ at that time contemplated, and the 
public expected, the utilisation, not the total waste, 
of the sewage of the metropolis. 

Meanwhile, the mischief accumulates, and 
although the Corporation of London has made 
some sign, and the Secretary of State is invested 
with power under the Act, upon complaint made, 
to direct an inquiry, and take proceedings thereon, 
nothing has been heard of any application by the 
Conservancy for the intervention of (Government, 
^hall it be left to the Council of this Society to 
beard the authors of a sanitary iniquity ? They 
have done much already to win the gratitude of 
their country, but action in a matter of thin 
magnitude is surely the work of Government 
rather than of a scientific association. It is our 
task to investigate facts, and state conclusions for 
the guidance of others upon whom lies the re- 
sponsibility of action. 

The conclusions already published by the 
Council, after our irst Conference, have been 
amply confirmed and established by the experience 
of the past three years. 

Sewage irrigation, chemical precipitation, and 
downward intermittent filtration, each has had its 
champions and its battlefields, but th«) truth lies 
after all in the Jtisie milieu^ in the adaptation of 
different methods to different localities, and often- 
times in a happy corabioation of them all. Within 
these broad lines lies all " the law and the 
prophets " of sanitary science as applied to sewage 
disposal. 

Since the date of the Society's report in Jime, 
1876, the fallacies of some, and the panaceas of 
others, have been alike refuted, and it is only by 
working on the lines and in the spirit of that 
report that we can hope to thread our way through 
a labyrinth of crotchets and misconceptions. 

Unsuooessful promoters and local politicians 
are apt to rail at popular ignorance or apathy, but 
the fault lies with the leaders of the people ; and 
those who oavil at the decision of Parliament on 
the Thames Valley Drainage Bill, should take 



heart of grace, and all strive alike, whether lihersli 
or Conservatives, to educate their party, if they 
ever hope to grapple effectually witli the sewage 
monster. 

At this juncture, neither Parliament nor the 
pubHo are in earnest, whilst the Circumlocution- 
office in Whitehall stands with folded arms, wait- 
ing, peradventure, for a more convenient season 
than the eve of a general election, or for a new 
revelation in the guise of another national peiti* 
lence. 



COURSE OP INQUIBY AS TO WORKS OF 
SANITATION, AND AS TO THEIR EXPENSE 
AND RESULTS. 

By Mwin Ghadwiok, C.B. 

On the occasion of my attendance at the Sanitary 
Congress on Hygiene, held at Brussels in 1877. 1 
had the honour of some communication with hii 
Majesty the King of the Belgians, who takes a 
special interest in the means of improving tbe 
health of the population. In answer to the 
inquiries as to results practioally obtained 
from sanitary works in England, I submitted 
that it would be more satisractory, with a viev 
to any practical application in Belgiam, if 
they could be examined and reported upon hjr 
Belgian sanitary officers ; and I volunteered my 
services in aid of such examinations, and in 
pointing out defects which subsequent experience 
had shown to be removable. This suggestion 
was acted upon, and Dr. Kenrurd, an officer 
of the Health Department^ was sent over 
to make the inquiries suggested. We viiited 
Croydon and Bedford together, and receiW 
every aid from the autnoritiee ther»». The 
following is a copy of a joint rejKjrt on the oour* 
of the inquiry, and of the results obtained. These. 
I consider to be to some extent incomplete, as 
respects some important particulArt, which arose 
from the circumstance of the Belgian officer not 
speaking English; and being a medical officer, 
conversant with curative rather than preventirp 
science ; and not being able to put the questions for 
himself as to the details of work, I have suggested 
that, for further and more complete examinatioD 
as to works and their application to the Belgisn 
cities, the service of a sanitary engineer would b^ 
requisite. 

roT such a course of examination, the first ob- 
jective points were, to ascertain — ^First, what hid 
not been done ; next, what had been done onJT 
imperfectly ; and then, what had been done, and 
might be repeated completely. I have recom- 
mended to the Indian Ghovemment a similar rour« 
of inquiry, and have volunteered to assist any of 
their officers for its prosecution, for the avoidance 
of such losses as those of which we have widelr- 
spread examples, of waste from works on uttorlj 
false principles, as well as from the misapplica- 
tion, or the defective execution, of works on wbit 
I deem the sound principles, most follv elaborated 
under our Sanita^ Commissions, ana under the 
first General Board of Health. In our Colonies. 
and in the United States, there has been exteooTe^ 
wasteful, and pernicious error in works for t f 
sanitation of cities, which have fafled in the com- 
mensurate reduction of aiokness and doath-ist<« 
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that would ha^e been msnred by oomplete works. 
Monfi. Mille, the IngMieur-en-Chef of Paris, in a 
report on the sanita^ works of Berlin, states that 
they bad been deriyed by the German engineers 
from a study of the works devised by our Board, 
'and we know they had visited England for the 
purpose. The works sow in progress in Berlin 
were derised upon such study, and it is to be hoped 
that they will present examples of its oomplete- 
nosa. 

Cbotsoh. 

We visited Croydon, where we had the advantage of 
the information of I>r. Carpenter, a distingmshed 
phj-siciim and for twenty years a memher of tl^ Local 
D(kzd of Health, who, having^ paid very special attention 
to the sanitation of the district, is considered to he well 
versed in the sciences applicable to it. With him, we 
Tisited the sewage farm, and saw and received informa- 
tion from the farmer. We ahio made inquiries on 
eDgineering points, from Mr. Walker, the engineer at 
present in ohargpe of the district. From these sources 
we received an outline sketch of the sanitary position of 
the district, which has been filled up hy subsequent 
bqniries as to some of the particulars. 

Croydon is about 10 miles from London, and, as it can 
be reached in half-an-hour by railway, it is almost a 
laburb of the metropolis. It is, however, in fact a city 
▼ith a population between thai of Bruges and Liege, or 
about 66,000. In 1879, in consequence of the low state 
of health of the population, denoted by a death-rate of 
28 per 1,000, notwithstanding its advantages, and, in 
numy respects, open position, it was made the subject 
of an inquiry by the First General Board of Health. It 
▼a« subject to severe epidemic visitations. The general 
eaoaes of insalubrity were then stated to be— inferior 
witer supplies, bad drainage, the enoombrement of the 
houses, the surface of the streets, and the supersatura- 
tiou of the subsoil with wet and excrementar^ matter. 
The principles of the remedies recommended by the 
General Board of Health were — constant supplies of 
better water carried into the houses, the foul or waste 
water to be curled away from the houses bv a system 
of self-cleansing house-drains and self-deaiising 
<^wers, and the constant application of aU the illth as 
manurialfwater for, vegetable production, upon the land. 
The application of these principles by special' sanitary 
^rks was unavoidably left very much to the local 
authorities. It has been the subject of complaint that 
they have been applied by them in a very unskUfal, 
defectiTe, and expensive manner; neverthdess, it is 
<^dmitted that, to the extent to which they have been 
applied, they have been productive of constderable 
adrantage. The reputation of the new works rendered 
residence in the town popular, and contributed to nearly 
a fourfold increase of the population, since that time 
when it was only 18,000. Had the sanitary condition 
of the town remained as it was, the sanitary evils must 
have been considerably aggravated, residence in it ren- 
dered more dangerous, and the increase could not have 
gone on. In 1866, an official inquiry was made into the 
i^iults obtained, when it appeared, on a comparison 
^th those of the six yean preceding the new works, 
that the proportions of cases of continued fevers had 
been reduced from 1&} to 5 per cent. ; of diarrhoea, from 
10 to 7 per cent. ; of measles, from 8 to 3 per cent. ; of 
scarlatina, from 8 J to 7 per cent. ; of phthisis, from 69 J 
^ id per cent. ; and of the general death-rate, from 
237 per 10,000 to 120. It is still considered, however, 
that the extent of fever and the occurrence of epidemics 
^ the town is a just subject of complaint, and that this 
•rises from the continued defects of the works. The 
P'Cfl^t position of the drainage works is shown by the 
, following questions put to, and the answers given by 
the engineer : — 

Q- It appears from the stated accounts, that at the 
t^Die when Croydon was brought under the cognisance 



of the first Qeneral Board of Health, there were only 
300 water-closets. Of the 14,000 houses, how many are 
now water-oloseted P — A. All. 

Q. Within what time, as far as you can judge, will 
the excreta of the morning be taken from these 14,000 
houses, and a population of 64,000, to the main outfall P 
— A. The bulk of it would be discharged in about one 
hour, but from the farthest point, which is about three 
miles, it would be about four hours. The whole, then, 
would be discharged in about a quarter of a day. 

Q, Is the who£ system of pipe sewers now perfectly 
self •cleansing, or free from de]posit ? — A, We nave ex- 
oeptional cases where that is not so, arising from 
defective work, from bad joints (which let out the sewage 
and leave deposit), and, in some places, from the bad 
laying of the pipes— too level, with too little fall. We 
are now relaymg tiiem. In some instances they were 
so unsldlfuUy laid as to run the wrong way. Some of 
this work was done by the owners, who employed un- 
skilful hands. Much of the piping, too, was laid, with- 
out due precautions, on * * made ground ; ' * that is to say, 
on strata disturbed for building operations, and sunk 
out of level or broken from want of proper support, such 
as it has been the practice to give by bedding in con- 
crete. . r 1. 

Q. If the entire work were done de novo, and with the 
present ezperienoe, would not the whole system be made 
self-deaniuig P — A. Certainly. We should do the work 
much better, with better falls and better joints. 

Q. Then you would have the whole perfectly self- 
olesnsing, even on dry-weather days?— ^. Yes; cer- 
tainly, 

Q, How as to tiie house drainage P—^. Much of it is 
very defeotive, but we are improving it. In many of 
the houses, Hm imperfect jointing of the pipe-drains 
allowed f»oal matter to permeate the basement and the 
site. Others have had old briek-dniins, and defective 
work of various sorts. 

In answer to further (j^uestions, it was admitted that, 
sanitarily, it is far more important to have self -cleansing 
sewers, the putrid and decomposing deposit vrithin the 
house having a more direct action by the discharge of 
noxious gases than the putrid deposit outside the house 
in tiie sewer. 

Q. It has been stated that, wherever there have been 
cases here of a typhoid oharaoter, there has been in- 
variably some connection with bad drainage work, 
inside or outside the houses.— i^. As a general- rule, that 
is undoubtedly so. 

Q. Then it will follow that, for the proper protection 
of a oity, or the proper completion of a system of water 
carriage, there must not only be a complete system of 
self -cleansing sewers, but a complete system of self- 
cieansing house drainage ?-^A. Evidently. 

Q. Do you exclude storm-water from your sewers f 
— ^. Yes, as much as we can, and we are extending 
duplioate sewers for the purpose. We are doing this in 
camr to reduce the bulk of the sewage in times of storm, 
and to render it more manageable lor agricultural use. 
Some time since storm water was not excluded, but we 
have found out OTir mistake. 

C. As to the cost of the water-carriage system, if it 
were done de mpo^ including the supply of the house, 
the internal apparatus of water dlstnbution, the return 
of the waste or foul water from the kitchen sinks and 
wster-eloset, would it amount to more than threepence 
half -penny per week ?^A. Since the tubular system of 
drainage was introduoed, the price of labour has been 
increased, but the price of the materials, the earthen- 
ware pipes and iron, have been reduced, and it may be 
taken at HtUe more than that. 

Q. In addition to this work of water-carriage, there 
is the cost of the removal of the cinders and solid refuse, 
which was not removed by water-carriage. How much 
does this costP— ^. The cost of this removal, fort- 
mghtly, is about 3s. 4d. per annum per house. This 
would amount to about }d. per week. 
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Q. A number of distant cottages are cleaned on the 
tnb system, which includes, it appears, the faeces. How 
much does this cost? — A. The cost of this removal 
weeklj is £1 per annum, or 4id. per week, but this does 
not include the remoral of the Uquified refuse of tiie 
house, the kitchen slops and the fouled water which, 
after passing through a filter, is there passed into the 
river. 

Q. Under this system the faecal matter is necessarily 
retained for days, t.0., for a time when it must often 
enter into putrefactive decomposition ? — A, Yes, for I 
am unaware that they use any disinfectant, except it be 
sawdust. 

Q, In the case of the water-carriage from the water- 
closet, the removal from the chamber or from beneath 
the house is within the minute ? — A, Yes, certainly. 

It is to be explained that the whole of the water dis- 
tributed into houses, here and in London, averages 33 
gallons per head of population ; or, as there are usually 
five persons to each nouse, there will be 165 gallons per 
house carried in ; and when the tubular sy^em is im- 
permeable and complete, the same quantity, or 1 ,660 lbs. , 
must be carried away as fouled water out of the house 
and beyond the site of the city. By the water-carriage 
system, this is accomplished at a rate of a halfpenny a 
day. Half that quantity would be beyond any ordinary 
domestic labour to acoomplish, .but of this mass of liquid 
the water-closet consumes, for the work of the removal 
of the excreta, not more than some five gallons to remove 
about 2} lb. of excremental matter per head of the popu- 
lation, or about 12} lb. per house. Mr. Robert Rawun- 
Bon, the chief sanitary engineer of the Govemment, has 
stated that the expense of a soil-pan of the nature of a 
water-closet, with the soil-pipe attachment to the drain 
from the waste or fouled water, or the sink, may be 
placed for £1 lOs. each. The interest on this extra 
construction, and the expense of the extra quantity of 
water used for the closet, may be reckoned at 2s. per 
house per annum ; that is to say, at about one halfpenny 
per week, or little more than one-tenth the expense of 
removal here, by hand labour, with the cart and the tub, 
after the sale of the manure carried away in the selid 
form, in which form the fanner pays 2s. 6d. per ton for 
it. 

The Rivers Pollution Commissioners, on analysing 
the effluent water of cities which were all water-closeted, 
found that the proportion of the manurial matter was 
about one-fifth more in quantity than the refuse from 
the non-water-closeted cities. Four -fifths of tiie 
manurial matter of the house consists of the kitchen 
refuse, dish washings, soapsuds from clothes washing 
and personal ablutions, and such other soluble matter as 
is carried away through the sinks. Four-fifths of the 
manure of the cottages in question would, therefore, be 
discharged into the stream. 

The cuflerenoe in the productive power of the special 
manure from the tub and the whole of the manure re- 
moved by water carriage, would be a subject for a 
distinct inquiry. But the solid manure is used by the 
market gardeners, or for the culture* maratchire or 
potoff^re, the most productive of agriculture, and they 
apply it at the rate of 60 tons per acre, in two dressing^, 
per annum. 

Whilst the yield of the common agriculture in England 
is as one, the yield on similar areas from the market 
garden culture, with such amoimts of manure, near 
Croydon, was stated to be three and a half ; but it was 
fttited that the yield of the sewage farm is mu^ 
greater, and approaches to five. The best grazing 
land Imown oarries one head of cattle, but the 
liquified manure farm at Croydon, it is estimated, 
oarries five ; that is to say, that the Italian rye- grass, 
and mangolds, and tuniips grown there feed that 
number of cattle. The quality of the grass is shown 
by the different quantities of cream derived from the 
milk produced from different cuUurca ; thus, the pro- 
portion of eream yielded from the sewage-fed grass is 
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stated to be about 15 per oent., whilst that giTenfna 
ordinary pastures is stated to be only about 10 per oc:: 
It may here be observed that Br. Carpenter his ^A. 
in a report, what is the effect upon tiie health of tk 
district in which the farm is situated :— '* The 1« 
return of vital statistics shows that 26 deaths u^V 
births have been registered as occurring in the 8ab4> 
trict during the past half-year. This fact bears a ctf 
important relation to the working of the fann. Tb? 
neighbourhood is yearly increasing in poDDlatico, nt-^ 
able value, and general health, notwi t nstaTuii n g *i 
fact that, during the past year, the farm hai hii' 
provide for and utilise the sewage of a very luge oiz- 
oer of persons who have suffered from typhoid few- 
a fever which has been mainly induced in Cn>}i>a 
through an interference with the water supply i»f ti 
district. The births in Croydon itself, for the nujc'J. 
ending April 29th last, have been 96; whilst the d^ 
have numbered 35, and typhoid is now entirely »b«f 
from the list. The farm has, however, utilised and r.- 
dered innocuous all the typhoid excreta from mop-tt ' 
1,000 cases, which have reached it since Janoarr, 1^^ 
without the least injury to the inhabitants of w f- 
district itself ; but that part which waa retaicftl i 
badly-constructed sewers in Croydon, and had :: 
opportunity given to it to change the form of iii »• 
ments, produced much mischief to those who had ^ 
misfortune to live upon the lines of the hadlv'-a- 
structed and imperfectly ventilated sewers. ^5 J*]* 
impression is, still, that the sooner sewage is ooov^ 
to the country, and at once utilised, the better for'iM 
town. The receipts and vital statistics now puUisWj 
I think, prove that it is also no drawbadc to thr x- 
itself . There is one other point worth mentjooin? ^ 
decreasing the value received from the farm ; the it^^ 
amount of water which has had to be dealt with dt-^' 
the past year has decreased the returns. Ex^tf <* 
flushing of sewer, and heavy rainfalls, much of «^ - 
stiU passes into the Croydon sewers, have tai««.> 
land to the uttermost. This year will see an imp?^- 
ment in that direction ; a large part of the »s^* 
water will be abstracted from the sewers and wot ^'' 
its proper channels. The market gardening, <i»'> ' 
been given up, in consequence of the impossibilitj -^ • 
local board dealing properly with such grounda. 

Viewing the internal workb of house and townw" 
supply, and house and town drainage, simply u aor^ 
of preserving and removing the manures of the to«t < 
agricultural production, uiese points are to t« ^* 
sidered, the equable dilution of the manure m ^ 
house for its application on the farm, and the eq^;^' 
dilution of the manure derivable from the stnets »> 
the roofs of houses. It is considered that in the ^^■ 
there is a loss of manure from the permeatioo oiw ^ 
with foul or waste water, through defectiTe dniDj* ^ 
sewers, and also an excessive and inconvenieot dilate 
of the surface manure, the horse-dung and other ?■/• 
on covered surfaces, by the addition of 8torm-i»JJf.''' 
the sewers, which, instead of being carried to w n^ *| 
ought to be carried to the rivers. Dr. Carpenter ^'^* 
that measures are being taken to reduce the waste ^i'* 
water distributed for domestic consumption, v^j:, 
now as high as 40 gallons per head of the pop^ ^ 
and by complete measures it ought to be irdu(«^ 
about 11 or 12 gallons per head of the populatioi^.. 

The feeding of plants with liquified manure, or j:" - 
them food and water at the same time, the foton, 
agriculture, as declared by De Candolle, is a ^^^ 
yet to be cultivated. On the inquiries mad* w t«' ^^ 
it was that, with a cheap method cf removin? b»^^, 
and such a cheap method of applying it br wat^r^* 
riage, and with the attainment of such * *^ , 
amount of produce, it, nevertheless, has &(*t ht^ ' ^ 
muncrativo to the population, the answers ^^'} , ' 
the first place the rents exacted for the n* *» ^^/^ 
were excessive ; namely, that for land of the ^Vj^; 
rental of twenty- three shillings per acre, t^^ '"^^* 
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ras charg^ at^ainst the town. In addition to which, 
he first works were without befitting economy, 
nd unduly expensive. In addition to which, the 
iftlaries and labour expenses were unnecessarily 
)eyond the rates of ordinary agricultural ex- 
leufics, and, moreover, that the produce comes at 
liffen^nt times, and in different quantities to the ordi- 
nary agricultural produce, and that the first sales were 
a disadvantage, irom want of demand at the unac- 
Qstomed times. *' A Local Board," he said, " labours 
inder very great disadvantages in carrying on a business 
ike a farm. The wages sheet alone will prove this, for 
here is no one whose pecuniary interest it is to keep 
lown the expenses. Idle hands are retained, and every 
turn's hand is against the Local Board, and in favour 
>f the private individual ; whilst the managers them- 
elves, as soon as they become aware of the work that is 
)cfore them, make violent enemies of those men whom 
hey have prevented from fattening on the rates. But 
hey make few active friends amongst the better part 
tf the community, who declined to take part in local 
Kilitics. The residt is that, at the next election, the 
oanagement is changed, and most of the advantages of 
brmer experience is lost." 

Dr. Carpenter observes further, that these disadvan- 
ages would, with others, be avoidable when pointed 
mt for a recommencement de novo. 

There was in 1875 an epidemic visitation of typhoid 
'ever in a part of the town. At first it was ascribed 
o the impurity of the water. On an analysis of the 
rater at its sources, it was found to be exceptionally pure, 
>Qt the sotiroe of impurity was in the sewer gases evolved 
irom the putrid deposit in the defective drainage works. 
Che pipes for the discharge of waste water were often 
oade to open into the sewers or the drains. On the occur- 
ence of certain atmospheric conditions, which occasion 
in nnusuaUy copious evolution of the gases of putrefac- 
ion, these gases extend through the waste water-pipes of 
•he butts or cisterns, and being there very much retained 
Dy the lids of the cisterns, are rapidly absorbed by the 
ir&ter. A sewer epidemic, in a prison of the highest 
)rdiBary condition of health, and recent examinations, 
uiTe shown that fatal cases of fever occur more fre- 
[uently from the unskilful conditions of drainage works 
han has hitherto been suspected. 

Br. Carpenter states that, when the recited defects 
^ removed, and other objects are attained that come 
nthin the recognised province of public sanitary 
luthority, such as the prevention of overcrowding, 
he better deanliness and ventilation of conmion schools, 
rhich are the centres of children's epidemics, that, with- 
tut interfering with the ordinary habits of the popula- 
ion in other respects, a further reduction of the death- 
*te in Croydon, from 17 or 18 to H per 1,000 may be 
tffected. 

[Br. Carpenter now states that much of this has been 
effected, and that during the past 12 months only about 
our fatal cases of typhoid have occurred in a population 
»f 66,000 people.] 

Br. Carpenter points very emphatically to the ex- 
wrienoes there of the removal of excreta, by the method 
rery popular with small landlords in town councils, 
md with ill-informed persons, by the tub system, which 
B in every way inferior, and ten times more expensive, 
*han the system of removal by water-carriage, through 
K^lf-cleaxLsing house drains and self -cleansing sewers ; 
Lod that as a mere matter of economy of transit, apart 
irom the objection to the retention of decomposing 
tnatter about the premises. When the system of water- 
aofleta was introduced by the first General Board of 
aealth as a measure for the entire urban populations, 
t was violently objected, as it is now objected to for 
Indian cities, as so repugnant to the habits of the 
^ masses, sure to be misus^ by them, and as being im- 
Wcticable. Yet in this city, as in others, it has been 
"pnght into general use by ul classes, to the very lowest, 
without complaint or objection on the score of misuse. I 



The failure in the apparatus was not from its misuse, 
except in solitary instances, by the people ; but from 
ignorance on the part of architects and builders, the 
creation of drains and sewers of deposit, and from the 
ignoranco of the local authorities in seeing that the 
ratepayers' money was properly expended, and the work 
properly done. 

A practical test of the underground work is, to have 
marked substances put in at the head of the works, and 
see whether they arrive in due time at the outfall. If 
they do not arrive, it shows that they are detained some- 
where ; and if so, that there has been failure in design 
for which engineer and contractor ought to be made re- 
sponsible, and compelled to take up &e work and com- 
plete it in a proper manner before payment is made. 
^Dad engineering and bad work may everywhere be 
detected by the nose, by the escapo of foul smells. 

The experience of tins city, it was acknowledged, 
exemplifies a common practical conclusion, that the 
internal house apparatus for carrying water into houses, 
and the internal house apparatus for carrying the fouled 
water out of the house and into the common sewers, 
should form i>art of the general system of water supply, 
and should be provided nom a public rate, and be kept 
in current action, for the common security, under a public 
supervision, to ensure efficient and economical action in 
the interest of the g^eneral public. 

We visited the farm, and inspected the condition of 
the sewage, as it was passed on to the land from the 
town sewers. It was then in the condition of a choco- 
late coloured fluid, but without the factor of advanced 
decomposition. After having been spread over the 
land and amidst the vegetation, it permeates through 
the stratum, and is carried by permeable agricultural 
drains to an outfall. The stratum of soil with the 
vegetation forms a great filter. When discharged at the 
outfall from the land, the sewag« was a pellucid 
stream, deprived of all the fibrous or colouring matter 
as discharged from the town, and was stated to be 
purifled, as tested by analysis, to an extent that rendered 
it le^^y admissible to the river. As another test of 
efficiency of the process of filtration through the land, 
it was stated that the river was now particularly well 
stocked with fish. On this point of river purification, 
no suggestion of improvement was heard. The object 
of recent legislation was fully attained. 

BXDFOBD. 

We visited this town, which contains about 20,000 
inhabitants, living in 3,600 houses, and is deemed a fair 
example of a town cleansed under the new system of 
water carriage, with a direct application of the liquified 
or the sewer manure to agricultural production on a 
farm. We were attended by Mr. George Hurst, a 
gentleman who is an active member of the local board, 
and of the Association for the Promotion of Sodid 
Science, and also by Mr. Lund, the town engineer, 
and by the manager of the farm. 

The site of the town is on deep gravel ; the houses, 
not imusually overcrowded, are widely spread, and it 
was one not tne most prominently needmg sanitary im- 
provement, but the wells were beg^ning to be polluted 
by f eecal matter, when it was determined to have a new 
supply of water — not a river supply, but a spring supply 
—distributed into all the houses, and to nave all the 
fouled water with the fsecal matter in solution dis- 
tributed on an adjacent farm. And this was done. All 
the houses, except some detached outlying' houses, ara 
now water-closeted. All the excreta mm tiiem is 
now in course of instant removal from the site of the 
houses and of the town, and in a very short time 
(within an hour or two) it is upon the land. Kr. Hurst 
stated that the result of the work had, on the whole, 
been satisfactory to the town. The previous death-rate 
had been about 24 in a thousand annuallv. The last 
year had been a year of exceptionally high mortality, 
and it was 19 in a thousand, but in the previoua year, 
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it has been about 18 in a thousand, so far as oould be 
ascertained from not yery dear statistics. 

Accepting what has been done as an improvement, 
the object of the inquiry was to ascertain what has 
been the shortcoming in results and in expense, and 
how much further the improvement might be carried if 
the work had to be begun de novOy with the advantage 
of past experience. 

As a sanitary test point, the engineer was asked 
whether all the sewers were free from smell, from the 
■meUa of decomposing matter or sewer gases? He 
admitted that they were not entirely so. 

Were they not, then, completely self -cleansing and 
free from deposit? Some portions were not. About 
one mile out of sixteen was badly laid, let water out 
at the joints, and occasioned deposit to be accumulated 
in the sewers ; hence decomposition and eewer gases 
from them. 

How as to the house drains, were they completely 
self -cleansing ? It was admitted that tne drainage 
work of many of the houses were veiy defective. They 
had been bamy done by private builders. 

[It is proper to explain, that the defects in the sewer 
work were defects understood to be of the predecessor 
of the present engineer, and neither for those nor for 
the defective house drains was he responsible, and 
therefore there was no delicacy needed in questioning 
him about them. Though the defective sewer work 
formed only one-sixteenui part of the whole system, 
yet to that extent it formed stagnant cesspool, giving 
off noxious emanations, which, together with the defects 
in the house drains must permeate at times, and in cer- 
tain barometric conditions the whole line of sewers, and 
distribute sewer gases into the house, and through 
the openings into the streets. Nevertheless, it is to be 
borne in mind, that the whole was previously in the 
condition of that sixteenth part of the system.] 

As to the water-closets, or the iK>il pans in the houses. 
How were they used by the poorer dasaes of the people ? 
Very well ; the pans, as a rule, were kept very clean. If 
there were any defect or interruption in the means of 
cleansing or of the water supply, the housewives were 
very prompt and sharp-tongued in their complaints to 
him (the engineer) about it. 

As to the supply of water for domestic consumption 
what quantity was distributed ? About 20 gallons per 
head of the population. 

Twenty gallons per head of the population ! One 
hundred gallons per diem per house for such a place as 
this, a quiet rural town, was not that really in excess 
of the actual consumption, and a waste ? i es it was, 
yet it would, by better supervision of the house service 
pipes, be probably reduced by one-fourth, or to fifteen 
gallons per head of the population. 

The incjuiry on this topic of sanitation led to the 
examination of the effect of the commercial vaJue of the 
sewer water, as experienced at the sewer farm. 

It is to be explained, that the quantity of manure 
feces and urine is now taken as a con«Unt, at two 
pounds and a half per head of the population daily — 
men, women, and children. With a view to keep the 
dilution equable, for transport and application as 
manure, the first General Board of Health en- 
deavoured to get water-closets, which are cleansed 
with little amount of water ; and it was found 
tiiat constructions were to be obtained, which were self - 
cleansing, with little more than half a gallon, or five 
pounds of water, added to the faeces. But little regard 
was paid to the eventual disposal of the fteces as manure, 
and water-closets have been adopted which worked with 
three, four, or five times the quantity needed as a 
carrier. One requirement of the first General Board of 
Health was, that all the putresdble refuse of towns 
should be conveyed away in impermeable channels, 
geaeraUv of glazed pot pipes, and rain water, 
ezoept from the covered surface of roads and streets, 
which had much manurial matter from the droppings of 



horses and other animalB ; but that tbe rainfall upc: 
gardens and other uncovered surfaces, toad all sloa 
water, should be removed in separate channels; tb* 
subsoil land water by permeable affiiooltnral vq< 
drains, and carried away to the river. 

These requirements have, however, frequently bee 
disregarded by the local and other insanitary engineer- 
and the channels were formed to Femove starm ws,t«r 
as well as the ordinary rainfall. Bein^ made to moon 
storm water, they are made of mnch larger m» ihs 
is necessary to remove the ordinary house refnae, wbieL 
in dry weather days, is spread over a very wide vmian, 
by which friction is increased, the flo-w retarded, tad 
deposit occasioned, and stagnant putrefaction f^eaetUsri 
to the deterioration of the manure, as ivell native genen. 
health. To some extent, this appeared to have bee 
occasioned here. Tlie excessive dilution of the maaic*. 
by the unnecessary waste of water in ihe doset. use 
stiU more by ill-fitting service taps, was not •> 
injurious as the excessive dilution of the nisnj^ 
by the outside rain and storm water. This eztv^ 
so reduces the quaUty of the manixre that it iu- 
in numerous instances, been declared to be in amooit? • ' 
the value of one halfpenny per ton when put upjn t^ 
land. The position of agriculture, in relation to the is* 
temal draina^ works of a town under the new sjifes 
of drainage works, is denoted by an action hrosgli 
against the authorities of another town for dama^ f .« 
non-fulfilment of a contract. The town had been w!. 
drained, as was held forth to the plaintiff, on con^'. 
pxinciples, and he contracted for the w^hole of ti 
sewage, or liquified manurial matter from it, and to-k . 
farm and formed works for its application. But It 
found that the sewage received was not in the qusatt** 
or of the quality that it ought to be from a weC Kji 
completelv drained town : much of the town was K:^ 
undrained, and, of the part drained, the work w». ^ 
alleged, badly done, by which he has snstauied dsiur . 
for which he demanded compensation from the Cr:n 
of Justice. But the public exposition of the «a» Vm 
been lost by a compromise. 

There can be no doubt of the strong' interest vk.4 
agriculture has, concurrent with those of the town, c 
the immediate and complete removal of aU excremtfitsrr 
matter, in the cheapest maimer, by perfect intersu 
drainagpe works, before it can enter into patxef aHavr (if- 
composition. The formation of the exoessxTelT Ixrs* 
sewers adds enormously to the expense of the mtcrul 
drainage works, and, it must be adkied, add« to tW 
profit of the engineers who persuade the town tu ukW- 
take them. In the instance of this town there £d >i: 
appear to be anv flagrant excess in the cost of the voK 
But the error ox the admission of storm water into d« 
sewers, and the necessity of its separation in the iatt'ic< 
of sanitation, as well as of agriculture, was admitted H 
the engineer. The channels for the removal of ti" 
sewage proper would, he said, be made smalltr, whi 
some reduction of expense, coimterveiled by the expt-a* 
of separate works for the removal of rain, of sq^cIl. 
and of storm water. 

Notwithstanding all deductions, however, the agrvr:*' 
tural produce from the liquified manure of the town, w j: 
advance of any other. The sewage, in the m^tasct ^ 
Crovdon, was appUed to a dairy faim, eldelly f^T t>* 
proauction of milk. The sewage of this SO.(h«> ^ 
population of Bedford is applied to 180 acres, rhicilv ' ' 
market garden culture, distributed as set forth in't^ 
account of the sales for 1876. (See Table next ps)rv 

But it mav serve for comparison to state the wt1J;i^ 
per acre of the chief crops, which have bvce «• 
loUows : — 



Italian rye grass per crop, aometimes 
cut four or five times a year .•••.. SS to 30 

Potatoes , 12 to 1 S 

Carrots 94 tu :o 

Onions •,..,,•,.• t.i »••••.. 12 Id 14 
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Ibbioation Fabx. — ^Bbdfobb, 1876. 



Description of Crop. 



Italian rje grass 

Grass, permanentpas- 

tupe 

Wheat 

Oats 

Beans 

Mangolds 

Onions 

Carrots * . 

Potatoes 

Qibbagfe 

Saroys 

Pickling cabbage .... 

Cauliflowers 

Kidney beans 

Celery 

Cacambers 

Vegetable marrows . . 

Asparagus 

Rhubarb 

Currant trees, &c. . . 



Acrei^. 



A. R. P. 
30 



Avera^ 
Per Acre. 



£ 8. d. 
12 8 1 




Total 
Produce. 



£ 8. d. 

372 2 6 

222 9 2 

67 6 1 

116 17 

62 

535 1 3 

358 13 9 

163 16 4 

111 1 6 

80 13 

44 1 9 

25 2 4 

36 13 

12 

38 8 3 

14 

4 1 

4 10 

4 

10 



180 1 30 



2282 16 11 



There are some market garden farms in the neigh- 
bourhood of Bedford which are considered to be rery 
good of their kind, which, in yield of produce on 
equivalent areas, is conMdeied to be more than three- 
fold the common agriculttiral produce, bnt the sewage 
farm approaches to a fiye-fold yield. There are some 
cottage allotments held by the wage classes on the out- 
skirts of Bedf Qvd, which axe highly manured with pigs, 
and other manure, and worked without stint of labour, 
but they by no means attain weights grown on the 
sewage farm. The liquefied manure culture exceeds 
them all in quality as well as in bulk. There is an 
increase of saccharine matter, in the carrot, for example, 
with an aroma which make it almost a new root for 
table, By reputation, the like characteristics make the 
produce of other sewage farms. On one seweragn farm 
the rhubarb is so superior that it is used for making a 
champagne, and a wine of the character of a " still 
hock." The garden and fruit farms, it is acknowleged, 
required a more refined culture than the ddinary 
agriculture, and so it is eyident do the diyerse cultures of 
these liquefied or sewerage manure farms. 

A question has been raised as to the necessity of a 
chemical treatment of what is called slud^, namely, the 
paper, rags, and other fibrous matters discharged from 
^ water-dosets and house drains into the sewers. But 
here there is no difficulty in dealing with it adyan- 
tageously. It is dealt with as solid manure, and worked 
into the land, and is found to exercise a high feitilising 
property for about two years. About two and a hau 
per cent, of the space of land is found sufficient to 
utilise this refuse satisfactorily. Bnt it is objected that 
this and othersof these sewage farms are unremuneratiye, 
and truly they are yery litue Ukely to be r^nuneratiye 
while expensiye eng^ineering works, so much beyond the 
agricultural economy, are charged against them, together 
"^th the internal works of the town drainage, howeyer 
extraragant. In the instance of this farm, is is contended 
that, inasmuch as it would be requisitB to pump the 
■6Wag© out of the town if it were thrown into the riyer 
as Worthless, the cost of pumping, amounting to £360 a 
y^r, <>u|^ht not to be charged against the land. More- 
over, it 18 charged with an exaction of £5 an acre, or 
more than double the ayerage rent of the best agricul- 
tural land in that yicinity. On a fair adjustment of the 
^xpenaes, the farm is at present deemed to be remunera* 
uve. A oommisflion of inqtdry was recently held on the 



different modes which had been allowed to the town 
councils of treating town sewerage. The Commissioners 
of inquiry were Mr. rBobert Bawlinson, C.B., the chief 
consulting engineer of the Local Groyemment Board, 
and Mr. Clsie Reed, an eminent affrionlturiat 
and Member of Parliament. They concluded, as re- 
peated official inquiries haye done, in fayour of the 
direct application of the sewerage to the land. It may 
be objected that they took to« lenient a yiew of the cost 
of the engineering works, and of the defaults of the 
official superyision due to the ratepayers, and were 
otherwise apologetic for failures from want of skill. 
They state that * * the sucoessf ul management of animals, 
and the proper cultiyation of crops, require a fair 
amount of intelligence and experience, but successfully 
to carry out all the details of these matters upon a 
sewage farm, where there is so little to guide the prac- 
tical farmer, and BO much to confound his past expe- 
rience and upset his preyious calculations, is indeed, a 
hard task. And, as most sewage farms are at present 
under the control of eyer-changing town councils and 
members of local Boards, whose members must as a 
rule be ignorant of practical agriculture, and whose 
theories upon the subject may be wild and yisionary , is it 
surprising that such poor returns haye hitherto resulted 
fnmi the application of town sewage ^ ^^® g^wth of 
crops ? Disappointment has, therefore, been expressed 
at the yeiy poor financial results of sewage farms. 
Agriculture is neyer a specially lucratiye business, and 
during the last few years it is probable that strictly 
accurate accounts would proye that yery little profit 
has beenderiyed from the ordinary cultiyation of arable 
land. Farms to which town sewage is applied haye 
inyariably many unf ayourable circumstances to contend 
with. The rent, except where the local authority has 
land of its own, is certain to be extrayagant ; the 
application of the sewage is often too costly ; the 
management is frequently changeable and faulty, and 
the prejudice against the produce of the farm is, in some 
distncts, obstinate and widespread. But, where a fair 
rent is charged on suitable land, where the sewage is 
cheaply and regularly deliyered, and a good market is 
dose at hand, there is no reason to doubt that the return 
for capital judiciously expended upon sewage faniis 
will produce a higher rate of interest than the money 
inye^ted by the majority of the yillage farmers through- 
out the country." 

Exception is to be taken to the assumption countenan- 
ced in this conclusion, that the work of sewage-farming 
is the work of the general agriculturists, whereas, as 
stated, the work of yery special horticulturists. 

The quantity of land needed to utilise sewage yariea 
considerably with the soil and the culture. But it may 
be stated, as an approximation, that an acre will suffice 
to utilise the sewage of 100 of population, or a hectare 
for eyery 200 of population. 

The modes of oistributing the manure on the snrface 
differ considerably, and, for practical application, it 
wotdd be worth while to haye comparisons made, with 
working drawings of leading instances, by a competent 
engineering draughtsman. 

So also as to the sizes of house drains and scwersy oo 
the close adaptation of which to the seryice for which 
they are required, so much of sanitary efficiency and 
economy depend, ths formuhe in engineering works 
require the correction of further obseryation. One 

Sractical conclusion, from the experience of grieyously 
efectiye works, is that attention should be recalled to 
original suggestions that the contractors, or the sub- 
contractors, should be bound to maintain them in com- 
plete working order for a year or a term, and to relay 
immediately any drains or sewers which occasion 
deposit, and emit noxious smells. So also that works 
should undergo a strict official ftxamination to ensure 
the exact peofoimance of the contract, and that the 
works are of a nature to ensure, and be of benefit 
equiyalent to the charge. 
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In respoot to the cost of the internal vrorkB of water 
distribution, the engineer here was of opinion, with tlmt 
jjiven at Croydon, that the increase of the price of labour, 
and the reduction of the prices of materials, rendered it 
difficult to give more than wide approprximations ; but 
that for works began d€ novo they might be taken to be, 
as a public service : — 

Per Week. 
Por bringing a constant supply of water 

to the door of erery house Id. 

For taking into the house 1 

For removing tho fouled water from 

every house 1 

For the service of the water- dc set .... J 

Total 3J 

or a little above that rate of charge. 

The lowest estimated supply here is 15 gallons per 
head of the population, or for a household of five, more 
than 600 gallons of liquid, carrying upwards of 100 
weight of excreta per week. No human labour, not 
the cheax>est labour of the Hindoo cities, can compete in 
cheapness with water-carriage. 

To this economy, however, is to be added the economy 
of human life, and the saving of the loss of productive 
force from excessive sickness. With all the short- 
comings of the sanitary works, the daily immediate 
removal by the present system of 3,125 tons of sewage, 
including the rainfall, with putrescible matter, from 
within the town, may be credited with the reduction of 
the death-rate from 24 to 18 per 1,000, or 6 per 1,000, 
or 120 deaths annually ; and for every pi*eventible death 
some twenty cases of prevontible sic^ess are estimated. 
In whatsoever way the pecuniary economies of this class 
were estimated, it was found greatly to exceed the out- 
lay on the new works, even if no return had been 
derived from the increased agricultural production. 

Preliminary inquiries have been made as to other 
towns, fraught witli indications of important results 
for future g'aidauco as to central and local administra- 
tion, as well as to works. 



WORKS OF SEWERAGE AND SEWAGE 
DISPOSAL.—CROYDON RURAL SANITARY 
AUTHORITY. 

By Baldwin Latham, C.E., M.Inft.C.E., 7.O.S., 

F.M.8., &o. 

For some yc'iirs past the Croydon Rural Sanitary 
Authority have had forcibly brought to their 
attention tho nocpssity for a oomplot-o system of 
sewerage wnd sewage dispoKal for Bcddington, 
Merton, Merton Rush. Mitchaui, Mordon, nnd 
Wallington, being pEirishes or places under their 
jurisdiction for sanitary purposes. 

The aggregate area coui prised within these dis- 
tricts is 10,100 acres, or nearly sixteen square 
miles. The population at tho present time is about 
16,000, but it is very rapidly increasing, and since 
1851 has more than doubled. Several centres of 
population are located in the drainage area, but at 
considerable distances apart. 

Geologically, the district embraces the various 
formations found in the neighbourhood of London, 
and lying over the chalk, which is the lowest 
geological forruation in this district, and finishing 
with on alluvium overlying the London clay. 

Naturally, the district drains to the Beverley 
Brook and the River Wandle, both of which 
streams flow in a northerly direction, and ulti- 
mately fall into the River Thames within the 
metropolis. The natural falls of the district are 



tow«rcIs tho nietropoUs, and as tho district in 
question is contiguous thereto, it was a matter 
of some difficulty to provide an economical 
and sufficient scheme for effectually treating the 
sewage when a system of sewerage came to hf 
carried out. It was considered that the cost in 
lifting the sewage, and carrying it a considerabl • 
distance in such a district, was quite out of tbt 
question, but ultimately a scheme was adopted, 
and is now in course of rapid execution, by which 
sixth -sevenths of the whole of tho sewage of thr 
combined districts will bo conveyed by dirpcr 
gravitation to land located paitly in the parish of 
Wimbledon, outside the jurisdiction of the Croy- 
don Rural Sanitary Authority, and partly in 
the parish of Mitcham, within the jurisdiction of 
the Rural Sanitary Authority. 

An area of 38 acrat of land bas been purchascu. 
by agreement, for which a sum of £11,700 wi* 
paid. Thirty acres of this land is an alluriiil 
deposit, principally gravel, through tbo centre o: 
which formerly ran the old chann»'l of the riyirr 
Wandle, the remaining eight acres bcingstiff br .: 
earth. In order to convey the sewage of th- 
district to the proposed area, 3G miles of sewtTJ 
are required to be constructed. Of these 36 mile* 
of sewers, 29 J miles are ordinary socket pijfs 
jointed with tarred gasket and Portland cement, 
varying in size from nine inches to 18 inches in 
diameter, and five miles of earthenware pipe«wi:ti 
Stanford's patent joint. The latter also vaiyin 
size from nine inches to IS inches in diamettr. 
There will also be IJ miles of brick sewers, -^ 
inches, 27 inches, and four feet in diameter. Tb? 
four feet sewer is to be used as a tank sewer in 
connection with that portion of the district, tbtr 
sewage of which will not flow by direct gravitatiuii 
on to tho land, and it is made of the size in ques- 
tion in order to hold the sewage during the night, 
or at any period when the engines ni*ty require to 
be stopped. The ecwagd of one-sovcnth of tte 
whole district, will ro<juire to be pumped to j 
height of 25 feet, incluchng friction. It will then 
pass with the sewagf^ from the g^vitation anft 
through a series of tanks, in which the solid* 
will be deposited, and the liquid will then flov on 
to the area of land laid out for filtration. The land 
which is now being prepared for filtration is m 
alluvial bed 30 acres in extent, but aa this land ^ 
entirely surrounded by rivers and streams, and is 
extremely porous, in order to fit it for sewaj^e pnr- 
poses, it was deemed advisable to form all round it 
a puddle wall, which is carried through th* 
alluvial bed of gravel and porous soil into the 
London clay lying below, and thus shut out tb< 
adjoining waters, which have hitherto percoUt^ 
into the land, and made it a swamp. A m^^ 
arterial drain is carried through tbo centre of tl) 
land, and subsidiary drsins will be made, by wfai« h 
the whole area within the puddlo walls will b< 
made the freest jwssible filter for purifying tb* 
sewage which is to be brought upon it. 

The tanks for freeing the sewage from thesoli'^ 
are so arranged that chemicals may b^ usvd Ut 
producing precipitation before the application ^i 
the scwatro to the land. It is not, howevw. c 'i- 
templated to use chemicals directly to the seim^* 
Owing to the position of the works with refrrfntv 
to the contiguous population, and having r«?«r'« 
I to the desirability of preventing the ilig't ?: 
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nuisance, the tanks for treating the sewa^ d are 
placed under coyer, and the solids or sludge, which 
will he removed by subsidence from the sewage, 
will at once bo consolidated. For this purpose the 
sludge will be received in a lower tank than the 
filter tanks, where it will be treated with lime, 
so as to destroy its adhesive properties, and then 
he forced through filter presses, so as to consoli- 
date it ready for immediate removal. 

Experiments have been made with reference to 
the purifying properties of the area selected for 
filtration. Some portions of the soil of this area, in 
its natural state, are not so efficient as might be 
desired, when compared with other lands well 
known to be suitable for the filtration of sewage. 
There is no better way of testing land as to its fit- 
ness for sewage filtration than by ascertaining the 
per-centage of water, by weight, it is capable of 
temporarily holding without loss. The most unfit 
parts of the area at Mitcbam have been tested with 
the following results : — 

Per cent, of water 
absorbed. 

No. 1 Sample, Yellow day 53*3 

,, 2 ,, Loam, sandy 50'2 

„ 3 „ Peat 1200 

„ 4 „ Loam 62*0 

,, 5 ,, Loamy soil 60*0 

If the above samples are compared with the 
characteristics of well-known lands adapted for the 
purification of sewage, it will be seen that they are 
greatly inferior to some of the following: — 

Per cent, of water 
absorbed. 
Surface soil of the Merthyr filters at 

Troedyrhi w 39*82 

SuhaoU „ „ 46-77 

Another sample of subsoil 37*48 

Additional land at Herthyr for the re- 
ception of the sewage of Aberdaro-' 

surface 49*05 

Ditto, immediately below 8iu*face 41*35 

Ditto, subsoil 13*07 

Beddington sewage fami— surface 50*0 

Xorwo^ sewage farm — surface 59*0 

Ditto, subsoil 410 

Dursley soil (well known for its purify- 
ing pdwers) 34*0 

Chonton £es, near Manchester— surface 56*71 
Same soil after being burnt into ballast 36*55 

The porosity of soil, or the power to allow water 
to pass by filtration, is inversely in proportion to 
its capacity for retaining water. With rocks, how- 
ever, it is the reverse, the smaller the per-centage 
of water rocks will contain, the more dense and 
impenetrable they are to water. Clay soils, when 
burnt into ballast, differ in their physical properties 
very little from the Dursley soil, which was ex- 
perimented upon by the Rivers Pollution Gommis- 
nonors with such satisfactory results, and the ex- 
perience of late years has shown that this material, 
when used as a filter, is well adapted for the 
purpose of purifying sewage, and so in districts 
where clay soil only is to be found, this material 
may be made into artificial filters, which will have 
a greater purifying power than is the case with 
almost any natural soil, perhaps with the excep- 
tion of Dursley soil, which, in its colour and cha- 
racteristicfl, is not unlike burnt clay. 

The eight acres of day land that have been 
acquired bv the Croydon Bnral Sanitary Authority, 
when made into artificial filters, can be made to 



efiEectually purify the sewage of about twentnr 
thousand people. The unfavourable position which 
peat occupies in reference to its retention of water 
18 confirmatory of the experiments of the Rivers 
Pollution Commissioners, who showed that it was 
about the worst material tKat could be selected for 
a filter, and in the case of the Croydon Rural Sani- 
tary Authority's works, will require to be entirely 
removed, and a more efficient material substituted. 
The total cost of the Croydon Rural Sanitary 
Authority's works is estimated at £96,000. This 
amount, however, will no doubt be exceeded, as 
there are many new streets now being formed iu 
the district, all of which it will be necessary to 
sewer. The cost to the present ratepayers of the 
district will be entirely covered by a rato 
of lod. in the £, which includes the working 
expenses and the repayment of the principal 
and interest. No allowance is made for any returns 
from the land to which the sewage will be applied, 
and the rate includes the interest and repayment 
of the principal for the purchase of the land. 
There wUl, however, be a considerable return from 
the land, which cannot, in this neighbourhood, so 
near to the metropolis, be put down under from £l5 
to £20 per acre as tha value of the crop^, which 
would not be all profit, as the cost of cultivation 
must be deducted ; but even if the cost of cultiva- 
tion equalled the value of the crops, it is true 
economy to utilise the sewage, when compared 
with the system adopted in the metropolis, and 
now extending to other places adjacent, of remov- 
ing the nuisance from one spot to another lower 
down the same river. As the district of the Croy- 
don Rural Sanitary Authority is fast increasing, 
both in population and rateable value, there in 
every reasonable probability of the rate being 
lessened. If the cost of these works is compared 
with the cost which has been incurred in adioining 
districts, in which the sewage is disposed of by 
being collected into arterial drains, and then 
thrown into the Thames, it will be seen that the 
whole system of sewerage, with its works for purify- 
ing the sewage, will cost the ratepayers of the 
district but a tithe of the amount the ratepayers 
of adjoining districts have to pay for simply con- 
structing the outfall sewer only. This is a strong 
example of the economy of locally treatmg and 
purifying sewage, rather than shifting a nuisance, 
at great cost, from one point to another, from 
which some day it will have to be removed at still 
greater cost. 



SOME EXPERIENCES OF SEWAGE 
EFFLUENTS, AND BURNING SLUDGE INTO 
CEMENT. 

By Granville Cols, Ph.!)., 

Late Stadent under Dra. Frankland, Hofmann, and A. Clatis, 
Member of tho Berlin Chemical Society, ico. 

During the past year, it has been my duty to 
watch the process for purifying the sewage now 
being carried out at Burnley, in Lancashire. 

1 . In a paper, which was read by Mr. Richards 
last year at thiB Conference, the method of deal- 
ing with water-carried sewage by General Scott's 
system of precipitation by lime, and utilisation of 
the sludge for cement, was described. Examples 
of this process with the cement are exhibited iu 
the Society's room below. 
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2. This process has now been oarried on for 
nearly ei^teen months. The sewage is purified, 
and the effluent — samples of which h&ve been sub- 
mitted for analysis to two of the highest chemical 
authorities — is certified by one to be fit to be 
poured into a stream of ten times its volume, by 
the other to be fit to be poured into a stream, 
having a velocity of at least three miles an hour, 
of fiftv times its volume. Both these conditions 
are fulfilled at Burnley. 

3. This effluent could be further purified at a 
comparatively trifling cost to towns by inter- 
mittent downward filtration, requiring only one- 
sixtii of the land, which, according to the Bivers 
Pollution Commissioners* 4th Report, unpre- 
cipitated sewage requires. 

4. The Corporation of Burnley have not required 
that this should be done, but the injunction 
against the town has been suspended. In the case 
of Burnley, the stream into which the effluent is 
poured varies very much, according to the weather, 
in wet weather I have seen the Pendle water, as 
the stream is called, rise several feet in as many 
hours. I abstain from giving the many analyses I 
have made of the effluent water, and oompanng it 
with the averages given by the Bivers Pollution 
Commissioners. A fair average could only be 
obtained, in my opinion, after daily observations, 
extending over a year. 

5. The rainfall at Burnley is exceptionally high, 
and the neighbouring hill, the Pendle, collects and 
pours the rain into the Pendle water. The Pendle 
water itself rises not far from the small, old town 
of Colne, and receives the raw sewage as it flows 
by* It then flows past the townships of Nelson 
and the village of Barrowford, on the west of the 
village of Brierfleld, from all of which places it 
receives more raw sewage before it reaches Burnley. 
A scheme is now under consideration for the federa- 
tion of these places, in order to bring their sewage 
to the Burnley sewage works for purification. 
Should this scheme be successfully carried out, 
the Pendle water will certainly be one of the 
cleanest streams in Lancashire. I have several 
times noticed that the stream is very much dirtier 
than the effluent poured into it from the Burnley 
sewage works. 

6. Portland cement is manufactured from 
chalk or limestone and day. The component 
parts of these materials varies very slightly and, 
therefore, the manufacture is nearly constant. 
The average analysis of five large manufactories 
gives the following results, viz: — Lime, 56*21 per 
cent. ; silica, 24*44 per cent. ; iron, alumina, 
12*1 per cent. 

7. The manufacture of Portland cement from 
sewage is much more precarious. Sewage, accord- 
ing to my experience, varies in every place, and 
during every nour, and consequent! v has to be 
carefully watched in order that tne requisite 

Suantity of milk of lime may be added. At 
lumley, on certain days, large quantities of dye 
water come down, on other days butchers* refuse, 
and once or twice we have observed the sewers 
full of coal-tar and oily refuse; all these facts 
have to be carefully observed, and only after 
careful experiments can the quantity of lime 
necessary to precipitate the sewage be determined. 
The resultant sludge at Burnley on an average only 
contains 46 to 60 per cent, of lime and, therefore, 



before it is fit to be burnt into Portland cement 
clinker, more lime has to be added. Thia is done 
after the supematent water has been ran off the 
eludge deposited in the tanks. The sludge has 
afterwards to be passed through a pog-mUl in 
order that a uniform compound may be obtained. 

8. At Birmingham, where Portland cement was 
also made, the sewage is so capridoos that a 
uniform manufacture could not oe guaranteed. 
This is accounted for, by the fact that at certain 
times very large quantities of add from the bard- 
ware manufactories of the town are poured into 
the sewers. 

9. At Portsmouth, where I have studied the 
sewage, which has wholly water-doset and house 
drainage, there is little or nothing to interfere 
with the manufacture of a Mgh dass Portland 
cement : I believe the same remark would apply to 
the lower Thames valley sewage. The sewage 
requires only a small quantity of lime to defecate 
it; 16 grains of quick lime 'per gallon is ample. 
The sludge I have found generally contains from 
58 to 60 per cent, of lime, and, therefore, no fresh 
lime woidd have to be added. The fact that at 
Portsmouth the storm water is partially kept out 
of the sswers is also greatiy in favour of the 
manufacture of good cement. And in plac»4 
where the separate system is in force, and where 
the proportion of water-closets is large, it would 
be, perhaps, worth while to allow the fin^y sus- 
pended organic matter to subside before liming, and 
to treat the organic matter described in General 
Scott*s patent. 

10. The sludge resulting from limed sewage may 
also be burnt at a lower temperature than that 
necessary to produce Portland clinker, and be r^ 
used to precipitate the sewage. After this ha$ 
been done several times, the lime becomes ridi in 
phosphates, and may be profitably sold as a first- 
class agricultural lime. 

11. As a result of my experience, I have arrived 
at the following conclusions : — 

a. The sewage of every town should be carefnDt 
watched and experimented on, before any plans 
or estimates are made. 

h. The storm water should, if possible, be kep: 
out of the sewers. 

c. A paved town is more favourable to cement 
manufacture than an unpaved one. 

d. That manufacturing refuse, except acidK. 
does not materially intmere with cement mjanu- 
facture. 

12. In oondusion, I may state that the ceneni 
now being made at Burnley is much improved in 
quality since the manufacture began, and mudi 
has been sold. The latest tests give exceUent 
results. Mr. Deacon, borough engineer of liver- 
pool, reports the tensile stram of 695 lbs. on th^ 
1^ inch square, and that the cement passed throne h 
a sieve of 50 meshes to the inch, leaving only 7 p^ 
cent, of residue. The latest test at BurzileT giTes 
698 lbs. 

13. A portion of a sea-wall at Porimontb ha» 
been built with it, and it has stood 
markably well. 

14. Much has been learnt since the _ 
first started at Buml^, and it may be Cairlv 
expected that towns will obtain pnrifioalioo, aa^ 
at the same time will reoover tiie greater part d 
the cost of so doing, by adopting ~ 
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TEN YEAES' PBACTICAL EXPERIENCE IN 
SEWAGE TREATMENT. 

By Friti HUlo, C.V. 

The sewage question stands now as it stood twelve 
months ago, when the Conference of the Society 
of Arts was held in May, 1878 ; no progress, no 
further discovery has since been made in the treat- 
ment, utilisation, and in the disposal of town 
sewage, and, having no further remarks to add to 
those contained in the pamphlets written by me 
on this subject, I now submit, as a possible matter 
of interest to those concerned in or connected with 
the sewage question, the results obtained during 
the last ten years from practical every-day use of 
the method of sewage oisposal advocated by mc. 
I shall refer to towns where my system of sewage 
treatment has undergone the test of time ; giving 
correct statements of cost for labour and chemicals, 
and other figures and testimonials which show and 
prove unquestionable success. 

Wimbledon. 
The Wimbledon Local Board, from 1870 to 1876, 
were entirely free from Htigation in respect of the 
disposal of their sewage, there were no complaints, 
and my method of treating the sewage gave satis- 
faction to the authorities. 

Edmonton. 
The Edmonton works serve as a model for places 
similarly situated. The effluent water gives satis- 
faction to the local and the river authorities, and 
the sludge has proved no difficulty ; the stuff is 
inoffensive, and as a good manure finds ready 
customers. The osier beds answer very well. 

The system has stood the test of time and of 
practical every day use very well indeed. 

The cost at Edmonton, for a pbpulation of 
16,000, for chemicals is £4 8s. 10a. per week; 
or-including wa^es, pumping, and materials— 
per annum about £750; royalty, £100; total, £850 ; 
or, cost for chemicals and royalty, about £350 — 
equal to d}d. per head of the population ; or, total 
cost of works about £850— equal to Is. Id. per 
head of the population. 

In the beginning of 1878 some eight acres of 
land were Itad out and prepared for watercress 
beds, to be supplied with the purified effluent from 
the deposit tanJcs, and the operation of growing 
watercress with such water has proved quite a 
sacoess, so much, that douUe the quantity of land 
will be used this year for the same purpose. This 
land lets at £10 per acre. 

A deseription of the Edmonton Sewage Works 
is given in my ''Bemarks on the Sewage Question,'* 
of 1877. 

I append testimonials from the clerk to the 
Local Board of Health :— 

XdmonioB, 

December 6th, 1876. 
Deab Sib,-^I am directed by the Edmonton Local 
Board to reply to your favour or ihe 30th ultimo, that 
they have pleasure in informing yon that they aolmow- 
iedge the satisfactory results of your process now in 
oae at the Edmontoa Sewage Farm. 

Tour process has satie&d the reqnircDoents of the 
River Les Ooaservancy Board, and It appears to the 
Edmonton Board to be at present the best known 
prooess. 

Faithfully yours, 

(Signed} Cbab, S. Houldeb, 

Clerk. 
F- Haw, Eaq., Chiawick, W. 



Tottenham. 
I have treated the sewage of this town for more 
than three years, and the following letters refer to 
the result, t.e. — 

AspUns, Tottenham, 

November 6th, 1377. 
Deas Sib, — Haying used on my farm a considenible 
quantity of manure obtained from the works of the 
Tottenham Local Board, I can now ffive the results. I 
find it exceedingly beneficial in toe production of 
cabbages, impartmg that good colour almost unobtain- 
able from other manures. Tares and m thrive remark- 
ably well, as also do white turnips. My experienoe with 
meadow land last season was of a limited onaraoter, but 
I was so far satisfied that I have lately well manured 
upwards of 30 acres of grass land, which will enable 
me, later on, to speak from facts. 

As a general rule I do not take any notice of written 
testimonals, knowing them to be mere advertisements, 
however, in this case most of the crops aro to be seen, 
and they will speak for themselves. 

Tours truly, 

(Signed) Wx. B. Dblako. 
W. A. H. De Fape, Esq. 

Tottenham, 

3rd June, 1878. 
Bbab Sib, — 1 have much pleasuro in bearing my 
testimony to the success which has attended your treat- 
ment of the sewage of this district ever since its com- 
mencement in the month of February, 187^. 

We have since that time had no oomplamt from the 
River Lea Conservancy as to the quality of the eiHuent 
water we discharge into their river. 

We have for some time past had no difficulty in get- 
ting rid of the sewage deposit (sludge) which is being 
used as a manure ; and the sewage works have enturely 
ceased to be complained of as a nuisance by those in- 
habiting the neighbourhood in which they are placed. 

Wishing you the same success in other districts 
where your system may be applied, 

I have the nonour to remain 

Tour obedient servant, 
(Signed) Abtsub B. Araorr, 

Chairman to the Tottenham Local Board of Health. 
F. HiU^, Esq. 

The cost of ohemicals used from the 17th of 
Pehrnary, 1876, to the 17th of February, 1877, for 
treating daily from one million and a half to 
two itiillion gallons of notoriously bad sewage, 
amounted to— 
For 353 cubic yards ol Lime at Ids. 6d. 

per cubic yard £238 6 6 

For about 1,000 gallons of tar .. 26 

For chemical salts 208 



SOUTHBOBOTTOH. 



£471 6 6 



The letter underneath speaks for the results. 

Southbomigh Looal Board, 
6th AugQ«t, 1878. 

Dbab Snt, — In reply to your letter of the 7th ult., I 
am instructed to inform yon that for some years past 
the Sonthborough Local Board have experienced great 
difficulty in the treatment of the sewage of their 
district, BO as to prevent any nuisance to the stream 
into which the effluent water runs, and have tried 
numerous systems of purification, aU of which turned 
out more or lees failures. 

It was not (as you are aware^ until after the Board 
had decided upon piuxshasing land for a sewage farm 
that your process was adopted at Sonthborough, and 
the Board consider that, although the existing tanks 
are very inefficient lor the proper carrying out of your 
^stem, such process is decidedly the best of those the 
Board have tned, particularly as regards the quality of 
the effluent. The Board are also of opinion that the 
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cost of the prooefifi is reasonably^ cheap, and believe that 
in many instances (particularly where suitable land 
cannot be obtained) Sanitary Authorities would do well 
in adopting your patent system for purification of 
sewage. I am, dear Sir, 

Yours truly, 
(Signed) Geoboe Delves. 

Clerk to the Soutliborough Local Board. 
F. HiU^, Esq., Ensrineer, Chiswick, W. 

Taunton. 
After the Taunton Sewage Works had been three 
months in operation, on the 28th of December, 
1877, at a special meeting of the town council to 
consider, and after careful inspection and thorough 
investigation, to report upon the efiBciency of the 
works, and upon the results obtained from the use 
of my process for the treatment of the sewage, the 
following resolution moved by the mayor was 
passed : — 

*'That the Taunton Sewage Outfall Works have 
fulfilled the expectations of their promoters and the re- 
quirements of the town." 

Leicester. 
The following letters refer to the results obtained 
at the Leicester Sewage Works : — 

Leioester, October 16th, 1877. 

We have applied Mr. F. Hill^'s patent process for 
the purification of the effluent water from our sewage 
works for the months of Mav to September, both in- 
cluded. Considering the filthy condition of the banks 
and bed of the river, the fouling of vears past, the very 
limited area of settling tanks, and the small lengths of 
weirs in proportions to the large volume of sewage 
passing the works, viz., 6,000,000 gallons per diem, the 
water m the river was greatly improved by the applica- 
tion of the process, 

The [occupiers of lands immediately adjacent to the 
works, and the occupiers of the Belgrave Lock House, 
which is surrounded by the effluent water, declare the 
beneficial effects on the atmosphere, which thoy all state 
has not been so free from pollution for 20 years. 

The action of the salts is so effective in cleansing 
the covered tanks, that the labourers employed in empty- 
ing them give the process the highest praise as enabling 
them to do their work without nuisance. I have no 
hesitation in saying that I believe under more favour- 
able drcumstanoes the effect would be perfect. 

(Signed) E. L. Stephens, 

Borough Surveyor. 

Frits HUl^i Eiq., Ghiswick. 

The Nurseries, Leioester Abbey, 
22nd June, 1877. 
Mt Dsab Sx3^ — I have been much struck with the 
beneficial effects of Mr. Hill^'s process on the river 
water adjoining my meadow. I have watched the river 
daily, and have no hesitation in saying that I have 
never seen the water during the last 20 years so free 
from all smcU and offence. 

I am, dear Sir, 

Yours truly, 
(Signed) Thoius Wabxteb. 
E. L. Stephena, Esq., 

Borough Surveyor, Leiceiiter. 

As to cost, the figures underneath speak for 
themselves: — 

Coit of ChimieaU, Fees, and Travelling Eipentet, 

1R70. HlLLV'S PSOCKM. £ B. d. 

Kay. Total oott for lime, Tu*, Baits, Fees, and 

Expenaea .„. 187 9 2 

June. Do. do. do. 164 18 6 

July. Do. do. do 168 18 8 

August. Do. do. do 180 11 

September. Do. do. do 186 13 2 

Total £776 19 11 



The figures given above show that the total 
expenditure for chemicals during the five stiinmer 
months amounted to £776 19s. lid., or, on the 
average, £156 per month, including travelling 
expenses ; accoraing to this, the annual expenditure 
would be about £1,872 ; but a considerable part of 
that amount could be saved by a judidouB arrange- 
ment of siunmer and winter treatment. The yearly 
outlay of £1,872 for 120,000 inhabitants represents 
not quite 4d. per head of the population. 

It will be seen, when comparing the cost at 
Leicester with other towns, that the expense for 
the chemical treatment of large volumes of sewage 
according to my plan, is not greater, but rather 
smaller, in proportion to moderate quantities, for 
instance — 

Bihabitanta. Per ann. 

Leicester, with 120,000 at the cost £1,872 equals 4d. ^ 
Tottenham „ 84,000 „ „ S76 „ 4d. | pro bead 
Edmonton „ 16,000 „ „ 860 „ 5|d. > of 

Taunton „ 16,000 „ ,. 80O „ 44d. popolatkn. 
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Aldebshot. 

Reference has been made in my pamphlets to the 
Aldershot (Town) Sewage Works, which were com- 
pleted in December, 1877. Since then I have 
treated the Aldershot sewage, and I am able to 
state that the sewage works and the plan carried 
out give satisfaction to the authorities. The total 
cost of these works, which are large enough to 
de^ with the sewage of 15,000 people, is under 
£3,000, inclusive of about three acres of Isind, and 
comprising, inlet chamber with grating and 
screens, valves and storm-overflow, pumping^ well 
and reservoir, three deposit tanks provided with 
syphons and overflow, pumps for lifting sludge and 
cleaning tanks, sludf^e beds, two engines with 
pumps, boilers, and all completements for lifting 
the sewage, and all mixing apparatus, and pump 
for pure water supply. 

The works serve well as model for towns simi- 
larly situated, and they practically show that and 
how a great deal can be done with the expenditmv 
of comparatively little money. 

Wdtdsoe. 

The Windsor Sewage Works were designed by 
Messrs. Thomas and Charles Hawksley, and have 
been carried out in substantial and costly styk ; 
they well deserve a visit of inspectioD, as they 
show, like all Messrs. Hawksley's works, perfection 
in every detail. The sewage is carried from Wind- 
sor by means of an intercepting sewer, 4ft. 6in. in 
diameter, and about three miles in length, to tbo 
pumping well at the outfall works, and this sewer 
serves for all practical purposes as storm reservoir 
at the same time. From the pumping well sewagr 
and chemicals mixed tocher are luted and do • 
livered into three deposit tanks, and from the$r 
the e£9uent is either discharged through an out- 
fall chamber into the river, or it is turned upon 
filtering beds and finds its way thus into the 
Thames. 

The effluent at Windsor is of a very fair quality, 
and there is no difficulty in disposing of the sludge, 
the whole of which is used on the land as manure. 
The Windsor sewage has been treated by me since 
the works were opened in October last, and they 
answer weU the purpose for which they were 
intended. 

The Sewage Works at Birkdale and Som^rton 
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will soon be finished, and there are several large 
towna which haTe definitely adopted my plans for 
outfall works, and my metitiod of sewage disposal. 
Of those places I intend to give an account at 
some future occasion. 



SEWAGE DISPOSAL AT WBBXHAM. 
By Lieut. -Col. Allied 8. Jones, Y.C., Assoc. K. Inst. G.B. 

In the course of former Conferences, and else- 
where, the details of my experience in dealing 
with the town sewage of Wrexham have been 
given to the public for six years, and it seems 
possible that the following preliminary remarks 
may not be out of place, as an introduction to my 
balance-sheet of the seventh year, ended 2nd Feb., 
1879. 

First, I feel very thankful that I have been able 
to carry my experiment so far, without inter- 
ference from those more serious accidents which 
are apt to break the course of all human under- 
takings, and that I have lived with my fanuly of 
six healthy children within some 250 feet o! a 
sewage carrier, while Mr. Jackson, dairyman, 
residing in the centre of the farm, has been 
equally fortunate with another young family, so 



that our experience supports the conclusion, estab- 
lished in many other places,* that the proper 
utilisation of town sewage need not cause a 
nuisance injurious to health. 

But, in taking up the subject, I considered that 
its sanitary effects required little further proof, 
and I directed my attention mainly to the finan- 
cial problem, regarding which public opinion was 
just then (1872) beginning to recoil irom extra- 
vagant views of the profit to be derived from 
sewage, which had been set forth by various 
enthusiasts, and was then in danger of rushing to 
the other extreme, in viewing sewage as a source 
of inevitable and excessive loss. 

If I have contributed in the smallest degree to 
check this recoil, and, nctine like the natural force 
of gravity, have helped to bring the pendulum to 
rest in its true vertical position of eqidlibrium, 
midway between the extremes, I cannot have 
laboured in vain. But the knowledge that many 
engineers and others have been brought to recog- 
nise one fundamental error, which has marred the 
sewerage of nearly all our towns, forms my chief 
cause of satisfaction. That rough and ready plan 
of mixing up sewage with surface and subsoil 
water has indeed been fatal to the effective use of 
sewage, and this evil, intensified during several 
wet seasons, has had its infiuence upon my balance- 
sheet in a very unpleasant manner. 



Ha70d-y-Wsbn Fabx.— Balakob-bheei fob the Teas E2n>ED 2nd Febbuaby, 1879. 



1878. 

Feb. 2.— To outstanding debts 

„ valuation of live and dead 
stock 

,, „ permanent im- 
provements, viz., £807 
6s. 4d., less £40 paid per 
last balance sheet to sinkmg 
fund 

1879. 

Feb. 2.— To wages for year ended this 

date 

„ rent, rates, taxes, &c., do. 

„ other payments, do 

Literest on capital, viz., 5 per 

on £1,800 

Balance profit on year's fann- 
ing*, by Lieut. -Gol. Jones . 



£ B. d. 
154 19 9i 

818 4 



767 C 4 

446 U 6} 
473 1 
98 18 

90 

29 18 10} 

£2,878 19 6} 



1879. £ 8. d. 

Feb. 2.— By receipts for the year ended 

thisdate 1,074 8 1 

,, sundry debtors 62 15 1} 

,, valuation of live and dead 

stock 949 10 

,, ,, permanent im- 
provements 792 6 4 



£2,878 19 6} 



It will be seen, from the above account, that I 
am compelled to postpone, to a more favourable 
season, the payment to sinking fund which has 
appeared in previous balance-sheets, because, after 
deducting 5 per cent, interest on capital, there 
remains but a very small margin of profit on the 
seventh year's farming. 

Indeed, looking at this balance-sheet by itself, 
one might well feel discouraged. But I have loag 
been convinced that no fair judgment as to the 
results of farming can ever be arrived at from any 
single year's accounts, where so much depends 
upon the season, and the nature of the stock on 
hand at the beginning and end of the period, 
together with their market prices. 

* It should be noted that this is over and above any 
profit realiaod by Mr. Jackaon, the daixrman, keepioK hia own 
a)wii and living upon this farm, paying for the keep of his cows, 
ftc, aiuih payments being aooonnted for in the groei reoeipts, ftc, 
on the other side of the above aooonnt. 



But, at page 46 of the second edition of my 
pamphlet, I have indicated a safe and simple mode 
of lumping the accounts of several years, whereby, 
when every receipt and payment has been ex- 
tracted from the cash-book, it is only necessary to 
add outstanding debts and valuations of the stock, 
&c., at the end of the period, to the total receipts, 
and to subtract from that sum the total payments; 
thus — 

£ B. d. 

Gash receipts of first five years, vide 

page 46 as above 7,245 2 10} 

Cash receipts, 1877-8 1,188 4 8 

Do. 1878-9 1,074 8 1 

Outstanding debts, 2nd February, 1879 56 6 1} 

ValuatioiB-Stook „ „ 949 10 

Bo. Permanent improvements „ 792 6 4 



£11,304 17 1 
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Carritdforward^ £11,304 17 1 

Total produoe in seTen yean, nsoltiiig^ 
from total paymenta aa per other aide 9,527 1 6^ 

Szoeaa d Tsaults, otbt total jpaymenta 
producing those results, being gross 
profit ol the aeyen years* business . . £1,777 15 ^ 

£ B. d. 
Deducting 10 per cent, for seven years, 

for interest and repayment of capital, 

this gross profit of « 1,777 15 6} 

ess 10 per cent, on £1,600 =z 160 X 

seven years = 1,120 

£667 15 6} 

As the net profit over 84 acres for three years, and 104 
acres for four years (say an average of 95 acres for seven 
years), and £657 158. 6jd. divicfed by 95 X 7 = 665, 
gives 19s. 9d. as the net average annual profit x>er acre. 

£ s. d. 

Cash payments, first five years 7,428 8 3 

Do. 1877-8 1,080 2 8 

Do. 1878-9 1,018 10 

£9,527 1 6i 

Having never been absent more than a week at 
a time during the last seven years, I am personally 
responsible for the record of the Hafod-y-Wem 
farm accounts, and when due allowance is made 
for my own deficiencies, and want of early agricul> 
tural training, as well as for the very high rent of 
the land, and excess of water mixed with the 
sewa^, it will, probably, be concluded that the 
question, "Will a sewage farm pay?" may be 
answered in the affirmative ; at any rate, it is my 
firm conviction that, given the right sort of land 
and undiluted sewage, a farmer may certainly pay 
a rent of £4 to £5 per imperial acre, and make a 
fair profit for his time and capital. 

In my remarks, at page 75, of the proceedings 
at the last Conference, I described the commence- 
ment of experimex^ts upon the drying of sewage 
sludge, and preparation of a useful general purpose 
artificial manure, by the subsequent mixing of a 
due proportion of bone meal and sulphate of 
ammonia with the dry poudrette, and I still hope 
that this compound. wul deserve its name of the 
'< Farmer's Friend,*' 

While recognising the theory that a thorough 
scientific fanner may do better by analysing his 
soil, and applying exactly the right proportion of 
those elements ox plant food, which by that means, 
and by previous oDservationa he may judffe to be 
wanting for the production of the particular crop 
lie desires to grow (for in that way he might reduce 
the cost of transport and spreading of his manure 
to a minimum) my knowledge of human, and 
especially of farmer, nature leads me to believe 
that it will bo long before our crops are generally 
^rown upon exactly that principle, however de- 
sirable it may be to keep it fully in view as an 
object of agricultural education. 

I can weU remember the lessons I learnt as a boy, 
from an old landowner and farmer in Leicester- 
shire, whose creed was, that '* where there is muck 
there is money," and who treasured up his farm- 
yard manure and anything he could make into 
compost, knowing that it would be equally effica- 
ceous for grass, com, and turnips. This gentleman 
and bis successors were ready enough to see the 



valne of Peruvian guano as it used to be, when 
first introduced into this country, good for all 
crops and soils, but he and they have hardly yet 
been educated to Mr. Lawes' pitch of perfection, 
which might enable them to apply with safety, sod 
to buy without being cheated, nitrate of soda for 
one field, and the cheapest combination of phoa- 
phoric acid or potash required for another. 

Manure makers in every district have reoognised 
this natural demand of the farmer for a compound 
manure, which he may safely apply directly from 
the bags in which he receives it, without any of 
that careful mixture with sifted aahee, soil, salt, 
&c., which the highly educated farmer knovi 
he must make with ms sulphate of ammoiiiaor 
nitrate of soda, to insure its even distribution, and 
they have traded on the farmers' ignorance bj 
supplying him with special manures for grass, con, 
potatoes, turnips, and mangold, differing little, if 
at all, except in name and price, but all contabuBg 
more or less nitrogen and phosphoric add, and 
weighted with a commission of 20s. or more per 
ton, for the benefit of the agents who attend eroy 
market, soliciting orders in keen competition with 
each other. 

Having dried my sludge to a poudrette, ray 
much resembling the basis of such compoimd 
manures, and worth by analysis about SOs. per ton. 
I applied to the best authorities to suggest m 
addition of phosphate of lime and nitrogen, which 
mixed with my base, would give a manure liikeh 
to take well with tiie farmer, as efficacious for all 
crops, and I felt that my neighboors would han 
confidence in my maintaining exactly the propor- 
tions once fixed 

The ** Fanner's Friend*' oonsistoof 

1 owt. sulphate of ammonia. 
7 ,, fine raw bone meal. 
12 „ dried sewage sludge. 

1 ton. 

and bimng my bone meal and sulphate at a dis- 
tance, I can sell the compound with a fair profit 
at £6 10s. per ton in bags, or about £2 per ton 
cheaper than the best of the compound manomin 
the market. But, with a steady market, ensorpd 
for such a manure, it might be made at ererr 
town's sewage works as low as £5 per ton, by col- 
lecting and g^rinding the bones, and making sol- 
phate from the liquor of the local gas works, tU 
on the spot where the sludge is dried, and thos 
saving, not only the carriage, but the manufactur- 
ing profit upon each of the ingredients, whirfi. for 
want of expensive plant, I have to import frnn * 
distance, although every town which produw 
sewage, will yimd also, bones and ammonia'^ 
liquor for sulphate, if people will take the trouble 
to collect those raw materials on the spot, and 
prepare them at the sewage works for admixtnn' 
with the dried sludge. 

Such a saving as some 40 per cent, onhisprrsnit 
manure bill, which the difference between £3 *Dd 
£8 lOs. would afford, should be worth striringfor. 
and the example of the Civil Service and Anny 
and Navy Co-operative Stores, in dispensing ^^ 
the convenience of retail shopkeepers calling '^^ 
orders, and putting down goods on unlimiw 
credit, may tempt farmers to send to the n^*^ 
town works with cash for their maiiui«) instead of 
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yielding, as they have done, too much to the per- 
suasions of touting agents. 

Farmers sire partial to old friends, however, and 
not very ready to take up with new ones, so I 
must be patient, and shall not lay out the additional 
capital for bone meal machinery and sulphate 
making, until I see a steady demand for *' Far- 
mer's Friend" at the price of £6 lOs., or something 
less, at which it pays me to prepare it with my 
present appliances ; but the experience I have had 
in selling 172 tons last season, and a corresponding 
quantity so far during the present one, is suffi- 
ciently satisfactory, and the x^uction of nearly £2 
already offered to the farmer, ought to be a good 
more in the right direction. 

There seems to be a sort of fatality attending 
those who take up the sewage question super- 
ficially, inclining them to exaggerate the value of 
sewage, and even that of the comparatively worth- 
less eludge which the^ fancy can be turned into 
gold at a moment's notice, by the aid of a '' Limited 
Company " with the stock exchange manipulation 
of ite shares, and I regret that Mr. Kidd, the 
patenteeof a drying macmnel referred to at thelast 
Conference, became shortly afterwards a victim to 
this sewage malady, and was soon discontented with 
the tentative policy which I had established, in my 
capacity as sole manager of the Wrexham Manure 
Company from its formation. He has since formed 
a limited company with which I have no connec- 
tion, but wbicn I imderstand is about to imitate, 
on a far bolder scale, at the neighbouring town of 
Oswestry, tbe experiment which I continue to carry 
on cautiously at Wrexham. 

In buying Mr. Kidd out of the Wrexham 
Manure Company, as I was compelled to do by the 
access of this fever in June last, I acquired the 
right to use two of his machines anywhere free of 
patent rights ; but having, while the negotiation 
was pending, procured a machine of totally dif- 
ferent construction, though utilising the same 
valaable principle of bringmg the substance to be 
dried into direct contact with the smoke and gases 
of combustion from the heat producing furnace, I 
have found the new machine quite satisfactory, and 
sufficient for all my work at present, so that I have 
not yet made any use of my right to work Mr. 
Kidd's patent since he ceased to be connected with 
my Wrexham Manure Company. 

The machine I am now using is the invention of 
Mr. W. A. Gibbs, Gillwell-park, Essex, a gentle- 
man who has devoted hims^f most patiently, for 
many years, to experiments in drying hay, com, 
and a great variety of other articles. 

I adopted Mr. Gibbs' machine with the double 
object of drying Italian rye-grass for hay, as well 
as for sludge drying, thus securing work for it 
throughout the year ; and last autumn I made a 
stack four yards square of hay, put together just 
as it came out of the drying machine. 

The process was as follows: — A load of green 
grass, preferably fresh from the scythe, but often 
sodden from lying in the swathe under rain, was 
drawn alongside of a chaff-cutter mounted on a 
platform over the feeding end of a long revolving 
iron cylinder, which oonstitutes the drying machine. 
A 2 h.-p. steam-engine turned this cylinder, a 
fan which drives the fire gases through it, an 
elevator to carry tiie dried hay on to the stack, and 
the chaff-cutter through which the green grass 



was passed in the first instance, and whence it 
dropped into the feeding hopper of the revolving 
drying cylinder. 

The chopped hay thus produced contained from 
25 to 30 per cent, of moisture, and to all appear* 
ance was fit for stacking in the ordinary way, but, 
from being chopped, the moisture from subsequent 
sweating had not tbe same chance of escape as 
ordinary long hay affords, and, consequently* the 
stack was spoiled by mould because it remained 
warm and damp for about two months, instead of 
going through the more rapid, and sometimes 
dangerous, heating of an ordinary haystack. 

Italian rye-grass grown from sewage is so sue* 
culent and heavy a crop, that it requires more 
care and time to save it than ordinary hay grass ; 
but I have made a stack of it every year with 
such success, that my own horses and cows live 
upon it through the winter, as a rule, and in our un- 
certain climate a drying machine is a.great deside- 
ratum, for this reason, viz. : that there is no crop 
which can be produced to greater pecuniary profit 
on a sewage farm than Italian rye-grass, if 
even two out of the six annual cutting can be sold 
green on the ground; and, therefore, it is an object 
to have enough land under this crop to supply the 
local demand for green fodder in a dry season, 
even at the sacrifice of great waste of grass at 
times, when this demand is slack, as it will be at 
all seasons of growth on ordinary pasture in the 
neighbourhood, because people will not buy when 
they have grass on their own fields. 

It thus happens that if the expense of cutting 
and drying can be covered (about 15 shillings per 
ton of dried hay), any margin between that and 
the price of the worst hay remains for profit, quite 
enough to induce great effbrts to attain perfection 
in the drying process, which I have endeavoured 
to explain. 

I shall now pass on, with your permission, to 
notice experiments relating to town sewage, and 
the pumping of sewage to land not commanded by 
gravitation, experiments which are especially in- 
teresting to me, from their having arisen out of the 
acquaintuice of the Mayor of Wrexham with my 
farm, and because the first application of his new 
pneumatic system is now in course of demonstration 
upon my land. 

At one of the earliest of these Conferences, I 
threw out the idea that it would be well if engineers, 
in imdertaking works of sewerage, would adopt 
more definite plans, founded upon such data as 
are used in laymg on water supply to towns. 

Excluding rain and subsoil water under the 
separate system, which has at last fought its way 
to the h^nt, it is clear that the water supply of a 
street or a town, is as nearly as may be, the measure 
of the fouled water or sewage which requires 
removal from the same locality ; and I suggested 
that engineers, who are careful to proportion the 
water-pipes and pressure to such quantities, might 
easily apply the same data to the size and fall of 
sewers, instead of making the latter three or four 
times as large as the corresponding water-pipes, and 
thus ensuring a very slow current and ample gas- 
holding space in pipes which convey the gas 
generating liquid, while they provide for the clean 
water pipes running always full. 

Li thus advocating the speedy removal of sew- 
age, by pipes kept as nearly full and running as 
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fast as possible, I thought only of applying the 
natural force of gravity ; but Mr. Isaao &one, 
an engineer from my own town, seized upon the 
idea, and extended to its utmost limit the reduc- 
tion of gas-holding space, by providing for tiie 
constant movement of fresh sewaee through a full 
pipe from the dwelling to the land. Imitating the 
nead of water pressure in the water-mains by a 
corresponding pressure of condensed air, he 
pretends to cause a regular steady flow of fresh 
sewage along full pipes^ from the several districts 
of a town to a sewage outfall, and would thus 
render any formation of sewer gas simply im- 
possible throughout his system of sewerage. Those 
of us who have paid much attention to expedients 
for reducing and keeping sewer-gas out of houses 
would thus find our occupation gone, and must 
acknowledge that ** prevention is better than 
cure.'* 

Leaving Mr. Shone to explain, with diagrams, 
the very simple and inexpensive details of his system, 
I will only add that, in order to prove his assertions, 
ho has set up, at his own expense, a complete 
example on my farm at Wrexham, which is open 
to the inspection of all interested parties, and tnat 
I have witnessed for the last two months the 
regular intermittent lifting of crude sewage, at the 
rate of about 4,000 gallons per hour, to a height 
of nearly 40 feet, with an effective air pressure of 
nearly 18 lbs. to the square inch. 

I am persuaded that compressed air, not as a 
motive power, as it is usually regarded, but 
as a means of transmitting power from place to 
place, has not hitherto received the attention it 
deserves, because, in the absence of Mr. Shone's 
invention, compressed air has usually needed a 
cylinder and piston to produce effective work at its 
point of application, and has consequently been 
debited [with the friction and mechanical defects 
of such executive engines, in comparisons of the 
expense of steam and compressed air, each doing 
80 many units of work. 

This loss of useful effect has led to the conmion 
belief that compressed air is a most expensive 
power; but asMr.Shone*s diagrams will show you, 
his column of compressed air is simplv an agent for 
the transmission of a steam engine s or a water- 
wheel's motive power to great distances with ex- 
ceedingly little loss, and for exerting the motive 
power directly upon the surface of the fluid to be 
lifted, without involving piston or any frictional 
loss by machinery of any idnd, on the spot where 
the lift takes place, such as would be required for 
doing the same work in any other maimer. 

The expenditure of power, in the shape of air 
compressed to the required number of lbs. per 
square inch, is just the equivalent in volume of the 
fluid lifted ; and as experiments in mines and 
tunneUing works have amply demonstrated that 
this pressure of air can be extended for several 
miles with very little loss, at low pressures, it is 
evident that in many cases the compression may be 
effected b^ water power at almost nominal cost. 

No engineer, who has had to coUect at one spot 
the sewage of a town built upon undulatmg 
ground, can fail to see what an advantage ho 
might derive from lifts of 20 to 40 feet applied, 
just where required in the manhole of a street, by 
a distant water-wheel, turbine, or steam-engine, 
from which mains of compressed air would raaiate 



to those several man-holes containing Shones 
"ejectoi*." 

The inventor goes further than this, and dai uf 
in a flat place such as Southport or Llandudoo, 
to push the sewage along a sealed pipe, laid two or 
three feet below the surface throughout the iomu 
and, if necessary, uphill, to an elevated sewage farm, 
or into the sea against the tide. The pipe would 
thus be always full of fresh sewage, driven aloe? 
at a rate of not less than three feet per secoDtl 
And, in such a case as that supposed, wbenenr 
one of the "ejectors" becomes full, it turas un 
the compressed air, and empty itself by its aut<i- 
matic arrangement misplaced; it is evident Uia^ 
a volume of sewage, equal te the full content; of 
an ** ejector," will be discharged at the outfall, 
each time that one of these ingenious contrivana^ 
turns on the compressed air. 

The sanitary advantages of this system ar^ 
very striking, because increased fall can be givea 
to the house drains and district sewers, cmpt>i(i^ 
into an " ejector," and the temporary backmg u( 
of sewage in those contributory sewers, while ih 
inlet valve of the ejector is closed during cjecdor. 
would give a very effective flushing on the nat 
intermittent filling of the ** ejector." This sjsteuj 
would also most effectually sever each district from 
the sewage or sewer- gas of the rest of the too, 
by a constantly renewed water seal of some feet in 
thickness, and the exhaust air being led into a 
graviteting sewer after each discharge would im- 
prove the sewer ventilation pro tanto, 

I will not 4well further on this subject, except 
to remind any of my hearers who were present tt 
the annual congress of the Sanitary Institute d 
Great Britain, held at Stafford in October last thtf 
I there stated my belief that, if certain mechani- 
cal difficulties could be overcome in practice, tib< 
Stafford meeting would become conspicuous in the 
future, as that at which Mr. Shonc*8 revolution in 
sewerage was fir^t introduced to public notice. 
Since ihskt time I have seen the new pneumatic 
system set to work with fewer hitehes than an 
usually experienced with new inventions, in fact 
I may say, with complete success, to the 8ati&>factio& 
of many experienced and practical engineen whe 
have watehed the trials from the first, and I wou!<i 
add that I never before knew crude sewage suffered 
to enter a pump without previous straining thron^b 
a grating, but that all kinds of matter usoallj 
found in town sewage have freely pasaed throcg^i 
the ejector without causing any trouble with it^ 
valves. 



[Mr. Isaac Shone, the Mayor of Wrexham, attc»if^ 
the Conference, but was unable te obtain an opparCaoitr 
of explaining his Pneumatio Sewerage Syatem. H^ 
will be glad to show the syatem in opeFatitn at 
Wrexham, to anyone interested in the sabjeot.] 



THE DOUBLE CHECK SYSTEM OF EOV^ 

DRAINAGE. 

By Henry Xastert. 

Upon reviewing the various systems of bou«e 
drainage that have been brought before the poblt: 
during the past dosen years, I have been stiuc^ 
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ihe absence of simplicity in many of the 
schenies propounded. One school of sanitarians 
conaidor Bpeoial-made traps essential. Another, 
the al^aolute necessity of mechanical contrivance 
for ptimping up, or extracting the foul air from 
drams, though each a^ree that drain yentilation is 



Nearly all the schemes put forward advocate 
up-corrents of air by single pipes, and pumpine 
tenninations ; some admitting air near the ground, 
and some not. If the multiplicity of special 
jtipe terminations be evidence, down draft is a very 
formidable thing to contend with. In my scheme* 
I am a gpreat friend to down draft, I advocate and 
cncourag^e it in every possible manner, and the 
more I ^et of it the better. I therefore differ in 
thi*« particular from other sanitarians. 

Xn. my early practice, as an architect and sur- 
veyor, the correct thing was to trap every closet, 
siuk, and outlet ; also, to put trap^ at the foot of 
every soil and rainwater pipe, and the over-flows 
<>f tanks, the great object being to hermetically 
seal, so far as possible, every drain and soil pipe ; 
the latter was made tight at top aud bottom, and 
the former ut either end. The same principle of 
tight MTork was applied to our common sewers, 
and I regret that we have still advocates for seal- 
ing, l>otn as regards the sewers of our towns, and 
also our private drains. 

Upon applying my double-check system of house 
drnina^e, I always avoid using any specialty or 
uiechanical contrivance. All the details required 
may he purchased at ordinary dealers in sanitary 
ware ana ironmongers. I use, generally, the com- 
mon form of trap, ordinary glazed ware pipes (some- 
times with Sandford^s joints), and stout oast-iron 
soil and air pipes, selecting only careful and well- 

g roved men for doing the work. My experience 
aving^ taught me that simplicity is the best engi- 
neerings, aud the less parts the better ; I decidedly 
object to any mechanical valves or revolving ter- 
minations. 

Ab an example of simplicity of house drainage, 
and as a system which could never ^t out of 
repair, although we have, upon refemng to the 
past, bat few examples left us of the sanitary 
arrangements of our. medisaval forefathers, loan- 
not refrain from bringing before you one such 
example of a well-arranged and ventilated system 
of domestic drainage, as applied to the hospital of 
St. Cross, Hampshire. 

The architect of St. Cross, in common with the 
forethought that governed our forefathers in the 
selection of suitable sites for their religious and 
domestic buildings, took care that abundance of 
water, and facilities for drainage, should be secured. 
In the case of St. Cross, the water from the Biver 
Itchin is higher above tbe hospital than below; 
advantage was taken of this cinmmstance to 
ujake a culvert from the higher part in the direc- 
tion of the building, and in the garden was con- 
structed an open pond, through which the water 
flowed, and was the source of the domestic 
supply. It then passed on and round the brethren's 
rlw^elluigs, aud under a foot-bridge, constructed 
for the double purpose of commumcation with the 
l^rden, and for throwing over waste from the 
cooking department. The water passed on under 
several proiecting wings of the buflding, in which 
vrcre plaoea the closets, four in each wing, two up I 



stairs and two down. In the domestic arrange* 
ments of St. Cross, each brother had a complete 
suite of apartments. They were provided with 
a sitting-room and a bed-room, andfOso a scullery, 
where they washed, and from the sculleries were 
approached closets, one to each dwelling in the 
wings referred to, and here we have a perfect 
system of ventilated drains and open soil pipes, the 
former an open channel by the river- watc^ being 
diverted, and the latter a shaft, about a yard 
square, extending from a short distance of the 
running water to the seat, by which the soil passed 
directly into the water, air being freely admitted 
TO the soil trunk, and passing out through the 
seats and open windows of the closets. 

I admit that the system adopted by the Bre- 
thren at St. Cross would be hardly applicable to 
our modem views, but we can take a lesson from 
the works of these old men. Their sewers, as weU 
as their soil-shafts were open from end to end, and 
they avoided the complication of traps and cowls. 

Unfortunately, in our cities, we are driven by 
circumstances to use to some extent close drainfi, 
and I hardly think we are prepared to advocate 
open channels for our sewage, tnrough the middle 
of our streets, or open shafts for our closets ; and, 
without expressing any opinion what others have 
done with special traps and cowls, I will describe 
a scheme I have apphed during uiany years of my 
architectural practice, and in every case have found 
it effective. 

The scheme I advocate for house drainage I 
have designated ''The Double Check Svstem," 
because I apply a double trap and a double air- 
pipe, using tiii^e pipes altogether, branches from 
the closets inside pass through the external walls 
and join the soil-pipe, which is extended above 
the roof and clear of all windows, the curved ter- 
mination of this pipe points in the direction of the 
house front. Where tne drain 2>as8es out from the 
front of the house an air-pipe is connected ; this also 
extends above the roof, tne curved end pointing 
in the reverse direction to the soil-pipe termination. 

Houses that are connected together are much 
more difficult to drain than when detached ; my 
selected examples, as shown by the drawings ex- 
hibited, are from houses in rows. If the houses 
are detached, I invariably put all drains outside 
the walls, and cut off all waste pipes, I also ven- 
tilate all the drains as described. 

The double check system, in its most simple form 
of application, consists of a pipe drain from the\>aok 
to me front of the house, if in a row, or outside 
the house if detached ; at the back of the house, 
it is joined to the vertical soil-pipe, to which are 
connected the w.c. pans. This soil pipe extends 
its full size above the roof, and has a curved ter- 
mination, pointing from the house (say to the 
right). At a point of the pipe drain outside the 
front of the house is connected a large iron air pipe 
extending above the roof ; this air pipe has also a 
curved termination, the same as upon the soil pipe 
extension, but it points in a reverse direction, or 
from the front of the house (say to the left) thus 
we have a U-shaped arrangement^' an open pipe at 
the front of the house, with a left-hana curve, an 
open pipe at the back of the house with a right- 
hand curve, the lower ends of each pipe connected 
with the drain. 

The foregoing cxplmations have reference to the 
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honse-arains proper, but unless accompanied by 
some arrangement for cutting offthepuolic seWers 
from the house drains, the system would become a 
" public sewer ventilator," and to ventilate the 
public sewers at private expense, or to assist in 
establishing a current of sewer gas in the direction 
of the house would be alike opposed to my views. 
X have, therefore, arranged a double trap for this 
pim>ose. 

l^ere is no specialty in this trap. It is simply 
two common syphon traps (as known in the build- 
ing trade by that name], connected together by a 
short junction pipe, to which is attached a large 
iron gas exit or escape pipe, extending above the 
bouse roof. The action of this double check sewer 
gas trap is as follows : — Upon such occasions as a 
pressure of gas present in the public sewers, 
capable of exerting sufficient force to pass a water 
trap, a portion of such gas will be forced into the 
house dirain, and passing the first trap (which acts 
as a safety valve), it will meet with resistance at the 
second trap,but, meetiug with no further hindrance, 
will pass up the large gas exit pipe, and so escape 
into the air above the house roof. Sewer gas, 
therefore, either by being forced through the water 
of the first syphon trap, or bein^ absorbed by the 
trap water, is prevented from passing into the house 
dnuns by a barrier, viz., the second syphon trap, 
whichinan occupied house, would be alwayscharged 
with water. If pressure existed, it would be released 
as soon as the first trap is passed, because it would 
have a large pipe provided for its escape &eely 
into the air, and above the roof. 

The tops of all pipes are protected with termina- 
tions, the capacity of the air-ways being equal 
to the area of pipe. I object to any mechanical 
terminal, preferrmg only such contrivances that 
cannot get out of order, and that may be procured 
easily, and which will prevent birds making their 
nests in the pipes. 

In order that any system of house drains be per- 
fect) it is absolutely necessary that facilities should 
be given, so that any accumulation of impure air 
in the drain or soil-pipes should be made to 
periodically "move on" and finally be expelled. 
An house drains and soil pipes become somewhat 
foul in the course of time, aod if I were to intro- 
duce an old soil-pipe into this room, you would, I 
am sure, object to be in its company. Many old 
soil-pipes have been found to be thickly lined with 
very disagreeable substances, giving off the most 
imnleasant scents, especially when in a damp state, 
ana during hot, calm weather ; and we aU know 
the very unpleasant odour prevailing in many of our 
houses after the cooking of cabbage. These ema- 
nations should be got rid of as soon as possible. 

In my experience of revolving cowls, which make 
one believe (during their revolutions) they are doing 
some good, I have found that at the time they are 
most required they are at a stand still, and act as 
obstructives, and when there is plenty of wind and 
no necessity for screwing, they revolve at a furious 
rate* This must, of necessity, be the case during 
winds and calms, and in the curved termination I 
apply to my system I labour under the same dis- 
advantage. When the wind blows strongly from 
nearly every point of the compass, a strong current 
of air passes into one of my curved pipes through 
the drain and soil-pipe and out of the other, carry- 
ing with it any foul air that may be in the drain. 



but when there is a calm very little air is made to 
pass by natural currents. But, altbongh I a& 
anxious to take advantage of the passings cuirenti 
of air, and they add to Sie value of my system by 
clearing the drains and pipes when 1^ wiod 
blows, I depend upon another power for obtaining 
the desired end. 

In the present day, every closet is oonstmcted «• 
that it may be flushed by about two gallons nf 
water ; this quantity of water, if it were poeeible 
to be forced at once into the 4-inch aoil-pipe, 
would form a solid piston of water, abont a ytrd 
long, and would, in descending, push before i: 
with considerable power the air in tne pipes ; and 
if the soil-pipe were 10 ft. lone, 10 ft. of airwonld 
be displac^, and forced out ox the open end of the 
pipe, at the same time, air would pass into the tq 
of the soil-pipe extension, and follow the water- 
piston, so that during the time it was acting as i 
displacer of foul air, it would be filling the vacmua 
with fresh air ; and, if I had not such an objecti-ic 
to mechaniccd valves, I could easily contrive or.^ 
that would retain the yard of water in the soQ- 
pipe, which, being released suddenly, would ti 
with very great power, but as in praotioe I hxf^ 
found it is desirable to lay on the water for pan- 
fiushing by a large pipd, say 1^-inch bore, taking 
care that the valve which aUows the wat«r in 
escape from the flush tank, and also tlie way into 
the closet-pan, be of equal capacity to the pipe, & 
good flush is procured, and me descent or water, 
passing down the soil-pipe, acting in a zigza? 
and spiral form, produces an effect similar to ^ 
solid water piston described, and it has the advaa- 
tage of being more gradual in its action, and 
thereby displacing more foul air than though it 
acted suddenly. All open-top soil-pipes having no 
exit pipes, lose, to a large extent, this piftm 
power for displacing foul air, and those having la 
opening near theground fas in some systems) act v I 
have described, but withtjie disadvantage that, ur^n 
each occasion of the closet being used, a portion of f i«ci 
air is forced out of such an opening, and it beoom^ 
in course of time very objectionable; for wt all 
object to a disa^eeable odour under our noses, aci 
in the vicinity oiour doors and windows. The donU* 
check system has the advantage of b^!ig fry 
from the objections I have pointed ont, the 9j1 
pipes and drains being open at either end, so that 
any foul air in them may be displaced, are eash 
acted upon, and I have found that a bockK <f 
warm water thrown down the kitchen sink h%* 
caused a current of air to circulate through t^^ 
pipes ; and a leaky water tap, allowiiu^ a smaT 
quantity of water to pass down the £aia cce* 
stantlv, has during the night, and at other ttin<'-. 
caused a moderate flow of air in one direction : au i 
also in the arrangement of pipes, when one jm 
is at the back of the house, and the other at LV 
front, should the sun shine upon one pipe, tbi 
heat produced, will cause a free oircalation so lotx 
as one pipe is warmer than the other. Of ccmr* 
the various powers described do occasionally fu' 
one against the other, there may be time* wb'^ 
the water piston would be forcing air in one dire. > 
tion, and tne bucket of water in the other, but n 
practice, this has but little effect upon the sncrr^ 
ful working of the system. Upon exauuaataon. I 
have foxmd the drain and sofl pipes vety free frra 
foul gases. 
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Some Sanitarians adTOoate ncm-tnppiiBg, bat I 
bave a Btrong oonTietion of Hke uaelakneBa ol scot- 
ible traps m wator-slosets, baths, mnks, and 
isTatories. 

The cloaet pans I prefer are of the waab-oat 
^e, with large flush pipes, thus aToidiDg I>-trap8 
ind yahres ; and where practicable, I flx a simfue 
:orm of grease and flush tank in a suitable positios, 
ro that the kitchen grease may be remoyed periodi- 
cally, and buckets of water thrown in to flush the 
louse drains at any time. 

I hare not attempted in my paper to bring 
)efore you the mode by which air and soil pipes, 
nrhen in sight, should be treated arohiteoturally, 
rat hare preferred to confine my paper to a simple 
lesoription of the double cheek system, but I am 
luite aHye to the fact, that the treatment of soil 
md air pipes should have some connderation frcmi 
ny professional brethren. Thwe is no reason why 
;hey may not be suocessfnlly treated so as to bar- 
noniae with, rather than disgrace, the building 
with which they are associated. 

Models showing the action of watw thrown down 
I w.c. for displacing a^. Action of air xNWsing 
>Ter the bent ends of pipes. Action of double 
iheok trap exhibited. 

The principles I have endeavoured to establish 
ire:— 

1. That a mass of water thrown down a pipe, 
^ force air before it, and cause air to follow it, 
kud thereby a temporary oiroulatiom of air will 
take place ; and if the pipes are of the form of the 
etter tf, air will pass into one leg and out of the 
)ther. 

2. That a sHght cuirent of air entering the bent 
^nds of a TJ-shaped pipe, will cause air to oircu- 
tftte through such pipe. 

3. That a flow ca air through a water trap will 
pam through a seoondtrap, unless there be means 
proiided for its exit between the tm^. 



HOUSE DEAIKAGB. ~ THB BANNEE 
SYSTEM OF HOUSE SANITATION. 

Ij 1. 0. lanasr. 

The object of the present Conference al the 
^ooiety of Arts, waare infonned, is to inquire into 
'he merits of ah#ady known systems, rather than 
» diicttSB new or untried modes of dealing with 
^8 most importaal subiect. 

That house draiaaffs, or house sanitatioii, as it 
s now pretty generally called, is a most important 
natter, no one now hesitates to admit. It is as 
ully adsMted, notmtfaataiiding the great adfvanoe 
^^ has been made, within the last faw years, in the 
nte knowledge of it, by some who have oavolully 
tudied the subject, that the community at large. 
Deluding both the wealthy and educated Glasses, 
«niai& IB almost entire ignonmce of it, and so fall 
m easy prey to ignorant or inexperieneed prac* 
ittouers. 

When we are aulhoritatively told that an im- 
neue number of deaths occur annually in the 
^nited Kingdom from preventible causes no* 
oing more need be said m proof of its vast 
^ daily increasing importance. No one, how- 
vor high his or her station, nhould be above 
^'^king for full information on the subject, how- 
<▼« disagreeable even thinking of it may be, 



and anyone who, having given free and unbiassed 
consideration to it, and w£> feels he can add to the 
general store of knowledge, would fail in his duty 
to his fellows, if he omitted to respond to the invi- 
tation which this Society has ag^ this year sent 
out ; for among the many very important matters 
which constantly claim and reoeive the carfeul 
attention of the Society of Arts, it may be safely 
said there is not one of greater importance than 
that which forms the subject of the present Con- 
ferenoe — ^the public health. 

The sulnecti no doubt, is a very broad one, and 
has, therdfore, ol necessity, to be considered under 
various heads ; at present it is proposed to inquire 
only as to the best means of obtaining and secur- 
ing an ample supply of pure water and wholesome 
houses. These two branches are so dependent, the 
one on the other, that without we secure both we 
shall not obtain the benefits ol either. 

The remarks I have to offer will apply almost 
entirely to the latter branch; and, if allowed to do 
so, I will demonstrate the force of them with 
models, which I have had pr^MUPed lor tiiat 
purpose. 

Up to within the last year ov two, the invariable 
practice of sanitary engineers was to rely on a 
multiplicity of traps, with the aid of water, lor 
keening houses free of sewer-gas. Innumerable 
kinds of traps were made for the purpose — some 
of them very ingenious. Not one, however, was 
equal to the duty required of it ; to overcome the 
defect two were often used, and sometimes more, 
with, however, this extraordinary result, the 
grwUir the number of the traps used the further 
the engineer or architect found himself from what 
he was striving so persevermgly to aooomplish, 
viz., a house free from sewer or sewage-gas ; and, 
in fact, the house generally became the worse in 
this rei^Mot in proportion as the nnmbor of the 
traps used was increased. 

I am alluding to the ways in which it was, until 
recently, usual to deal with the house drain, 
and the soil-pipe proper. In order to lessen tiie 
danger, it was not unusual to put separate pipes to * 
carry off bath and other less ofEraisive wastes, and 
to deliver them outeide the wall of the house, above 
an open trap having a grid over it, this trap itself 
having only the inseoura water seal as a prote(rtum 
against the drain or sewer to which it led. Some- 
times the soil-pipe proper was what was called 
'* 'ventilated," and I wilt show you divectly what 
kind of ventilation this really was — that, in f aet, 
it was not ventilated at all. 

First, lat me show yon how utteriy unreliable 
any mere water seal is as a trap against sewer-gas 
entering a house from a drain or a £ewer. 

Tou arti aware, of couise, as water passes down 
or along a pipe or drain, that the sewer gas, ol 
which both is usually full, is driven past such 
traps, sometimes outside the house, but most fre- 
quently into the lower rooms. To prevent this 
really great danger, by what is still called '* re- 
lieving the pressure," when water, &c., passed 
into and down a soil-pipe, sanitarians carnsd the 
soil-pipe, full bore, to the roof, or a little above 
the top closet, often as high only as an upper 
bedroom window, and we And a caution against 
the latter practice in the latest and best works on 
sanitary engineering, by such authorities as 
Latham, Denton, andEassie, as well as, in *' Prao- 
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tical Hygiene,", by the late Dr. Parkes ; and I may 
mention, too, as an authority on this subject also, 
Mr. Rogers Field, for, though I believe he had 
not, until 1876, written any book upon the sub- 
ject, what he has given since as, in his opinion, 
the best mode of dealing with house drainage, is 
substantially what he leamt of me during the Con- 
gress held at Brighton by the National Association 
for the Promotion of Social Science, in the autumn 
of 1875, when he did me the honour, on my invita- 
tion, of testing, in the severest way he could, the 
system which I had introduced by my Lever-trap 
of 1872, and my exhaust-cowl of 1874, and which, 
at the time he saw them, had been in operation — 
most successful operation — for a year or two, with 
ti^e inlet which I nad discovered was necessary for 
fresh air, to the foot of t^e soU-pipe. 

The talented author of ** Sanitary Arrange- 
ments for DweUings" also told me, in 1875, 
that my system was new to him, as did also 
Mr. Eniest Tumar. I think it right to men- 
tion these facts, because there has been an at- 
tempt made lately, for some purpose or other, to 
disparage the usefulness of cowls. It is pretty 
weU known that I do not endorse that opinion. I 
consider, however, that the point, if it really is still 
to be disputed, ought to be fairly and properly de- 
termined in the interest of the public alone, and 
it, no doubt, is a matter which may properly be 
sidered on an occasion such as the present. 

Before I proceed to show you what, only a very 
few years ago, was thought by the most ad- 
vanced sanitarians to be a ''ventilated" soil pipe, let 
me give you dear proof of the exhaust power of the 
oowi I introduoed in 1874. In proof of the great 
power of these cowls I will take this curved one-inch 
tube, in which the friction surface is three times the 
superficial area, and you will see that, on a length 
of 60 feet, witii a common pair of bellows, the 
exhaust power of the cowl is sufficient to suck out 
a lighted taper held at the otiier extreme end of 
the tube. Now, 60 feet is far more than the 
ordinary length of the soil pipe of a house, it is 
'never less i£an four inches m diameter, it is 
generallv placed not only straight but vertical, 
which alone it is said gives it a decided advantu^ 
over a similar tube placed horizontallv, while i£e 
friction surface in a four-inch tube is relatively onlv 
one quarter what it is in a tube like this of one incn 
diameter. 

Now I will show you what, until very lately 
was considered to be a ventilated soil pipe and 
oesspool. You thus see, in truth and in fact, that 
it was really not ventilated at all; and, being 
always, as it was, full of sewer gas when only so 
« ventilated," whenever water, &c., passed down 
the soil-inpe, there was the certainty of the said 
sewer gas being driven by it through the traps 
beneath the lower dosets, or of its being drawn 
by the heat of the rooms, into the house. Another 
very dangerous consequence of such ventilation is, 
that the upper part of the trap, as well as the 
upper side of the branch pipe leading from the 
trap to the soO-pipe, soon, and often very soon, 
was eaten away oy the sewer gas, and then, of 
course, there was a highway always for the sewage 
sms generated in the traps, soil-pipe, &c., to pass 
freely into the rooms at all times. 

Bt the system which I have already said was 
origuuiUy introduced by me a very few years since. 



no such dangers can exist, as a current of fresh air 
is constantly passing up the soil-pipe, and another 
similar current, separate and distinct from the 
made to pass up the soil-pipe, is also made to pta 
through the house drain, thus affording, and I 
contend in the very best way, a double secoiity 
against any sewer or sewage gas entering a house. 

What is known as the water-carriage system will 
be admitted as the most convenient as well as the 
simplest, and, therefore, as the best for the pro- 
motion of public health. 

Ventilation — ^I must emphasise the word, and 
say real ventilation — of all the pipes and appli* 
ances neceMary for carrying out that system u 
now pretty generally known to be an indiBperoibie 
desideratum. Since I first introduoed the simplfi 
mode and means of effecting it, we have bd 
numerous other spurious plans proposed, bat I 
shall, perhaps, be excused for saying that in my 
humble opinion not one of them is as perfect as tk 
original. 

Proper arrangements are needed, both for tb 
admission of fresh air to the drain and the soil fsff 
at proper points in each, as well as for its bn^ 
drawn not only into but through them, and mai 
to escape above the roof of the house instead U 
near the windows, as used to be generally die caie- 

It will scarcely be allowed to me to enter into 
the many minor details which are necessary \o 
ensure the thorough efficiency of the sji^f^* 
which I claim the credit of having introdnoei 
Permit me, briefly, to mention some imporUsi 
points. It is comparatively imimportant vketbtf 
the drains pass under the house, and whether th« 
soil pipe happens to be within or outside the walii 
of the house, and what position in it the dotett 
happen to be ; for if even they are in'the nuddlt^ (i 
the house — as very often happens in Londcn- 
with proper arrangements they, neveitfaeleB, tt^ 
generally without much expense, can be ou^ 
perfectiy safe. 

As I have already shown, no mere water Mal<£ 
be relied on in any trap, to prevent ns from t^ 
sewer entering a house, if the house drain and a^ 
pipe are not ventilated as I have shown ther ev. 
and, as I venture still to think, they alv»i! 
should be. 

We have hardly yet got a nerfeot dooet, periisf* 
The first trapless doset introduoed, so far as I kaof 
was Pearson's ; others have bembroug^ht out adcc 
which do not surpass it ; but a well-made and weU* 
kept pan-doset, I continue to think — and they v 
the kind mosUy used — ^will be foundall that isncc*- 
sary for comfort and perfect safe^, provided b> 
traps of any kind are put inunediat^ below thn 
The ^stem, however, which I am adTooaiin^ « 
quite mdependent of any particular kind ol do^ 
but I unhesitatingly assert that any doast hanii 
a perpetual trap below it, or forming a part of i^ 
is a deddedly imperfect one. I am aware tiif 
what is called a *' wash-out** doset is appnn^ 
by some. My objection to it ia the same as to sr 
common hop^ doset, viz., it really pivv«s<« 
thorough ventilation, and requires an extra fu|0' 
of water to flush it properly. 

A very strenuous endeavour has been madi^ *' 
disparage the system I am advocating, by asarrt- 
ing that cowls are not neoessary, and that t)^ 
are liable to beoome fixed ; ttiis, I bee to mf 
I when they are properly made and propviy stsy*- 



149 



is 88 nnusual M is the breaking of the mainspring 
of a watch . An endeavour has also, I am told, 
been persistently made to have it beMeved that the 
system is an expensive one to carry out, while, in 
truth, the very reverse is the fact ; by its adoption 
rinuch lighter lead pipes may be used with perfect 
safety, extra pipes for the waste from baths and 
sinks are rendtred qniite unnecessary. Iron pipes 
may be used instead of lead» and the same pipes, 
of whatever material, may be nsed, not only for 
soil aDd bath wastes, but for rain water also, and 
8s there is never any sewer or sewage gas in any 
of the pipes, the portions of tkem needed for 
ventilation only, may be of zinc instead of lead, 
as is necessary under the old plan. As con- 
firmatory of this, I may mention that, in two 
recent instances the cost of carrying out the sys- 
tem, as compared with the estimates for what was 
proposed to be done at each on the old plan, was 
actually very little more than one-half. 

This drawing shows the lever trap and its 
arrangement as introduced by me in 1872, and ex- 
hibited at the last International Exhibition in 1874. 
In this case the fresh air is brought to the foot of 
the soil-pipe by means of the rain-water pipe. It 
woold be impossible of course to show all the many 
different ways of bringing fresh air there. The 
mode of doing it is a matter of perfect indifference 
80 long as it ia allowed, by any proper arrange- 
ment, to get there. 

Some gentlemen, believe that fresh air, of its own 
accord, will go on a i>erpetual vovage of discovery 
down one pipe and up another, for the purpose, I 
suppose, of hunting out any sewer gas there may be 
iu either. Another gentleman has lately made the 
hirther discovery, important, if it be true, that the 
Bsid fresh air hunts perpetually up an open pipe 
during the day, and down it during the night. All 
I will say is, I do not agree with the learned 
iidTocates of either doctrine, and that to overcome 
&e opposite belief I introduced the cowl I have 
shown you the power of, and of which this is a 
section. This cowl, as well as the lever trap, and 
its arrangement, was exhibited at the Sanitary 
Conference, at Glasgow, in 1874, and in proof of 
'ts excellenoe, I may say it has since been miitated 
9y many, and by some, as I think, unscrupu- 
onsly so. * 

An eminent medical man told me the other day 
'hat if he were obliged to dispense with one of two 
)f the most important things known in his judff- 
nent, viz., medicine and pure air, he would do 
vithont the first — ^throw physic to the dogs in fact. 
iTou will probably agree with me in thinking this 
8 strong testimony in favour of wholesome houses, 
ind I trust that, now there ia really reasonable 
px>mid for hope that the death-rate, ere very long, 
vill be reduced from 34 per 1,000, in some towns, 
17 per 1,000 throughout the whole kingdom, 
Ad that the average duration of lite, instead of 
^eing, as at present, 49, will be raised to, say, 60, 
ipart from the probable great lessening of the 
^ual death-rate, what an immense diminution of 
lisease and sickness do such hoped-for results 
K>int to, nevertheless, in their honour and praise be 
t said, there are in no class or profession in the 
ingdom, more sincere, or more earnest advocates 
ban medical men for unpolluted pure water. My 
riend. Dr. BiohardBon, stands outj^rominently now 
mong the crowd in advocating this and a sufficient 



supply also of really pure air in wholesome 
houses. 

Sewer 8, — I hope I shall be excused for saying 
that I don't think we have yet arrived at the best 
way of dealing with them, tiiough they are truly 
a place of filth, and must, to a great extent, remain 
so. The present great inconvenience and danger 
which thoy occasion, might, I am persuaded, l)e 
very greativ diminished if not altogether avoided. 
We are told it is a great mistake not to ventilate 
them, but the means at present taken to accomplish 
this is so very objectionable, that in many places 
we see the plan most strenuously opposed. The 
plan pretty generally adopted, where the need of 
ventilation is admitted, is to make openings for the 
purpose through gratings in the midd^ of the 
street down to the sewer : these gratings, however, 
are rarely large enough and numerous enough to 
be of any effect for good, while they often do an 
immense amount of mischief. I will take the facts 
as will be admitted as existing within a radius of a 
mile or half -a mile of this spot. The sewers are 
very large, I suppose at least 10 feet diameter. 
Between Adam-stieet and 8t. James's- street, a dis- 
tance of about 1,350 yards, I find there are four 
gratings, such as I have mentioned, in that length 
of sewer. When the gratings are not stopped up, 
which in fact they genmlly are with dirt, there is one 
grating to every 1,000 feet of sewers ; each grating 
affords about 50 inches of air space, while the 
cubic inches of air space each is expected to 
ventilate is about 200,000,000. Clearly, then, 
such openings cannot be of any effect for good, 
while at times what escapes may destroy life. 
Sometimes gratings are put under gateways, and 
very generaJly at crossing ; in the latter case, I 
suppose, because such pomts are the jimction of 
sewers as well as streets, and it is thought that at 
such points they serve to ventilate the sewers under 
all the streets more effectually, while really they 
do next to absolutely nothing for ventilating but 
a few feet of only one. If an opening exist m an 
unventilated air pipe, we know how dangerous as 
well as offensive that is ; these gratings, opening 
into sewers, are scarcely less offensive, and serve, I 
verily believe, no really useful purpose. In Paris 
opemngs into the sewers are at the sides of the 
roadway, which, I think, a better plan than that 
adopted in London, but with other arrangements for 
delivering the waste from houses into a properly 
ventilated drain with one delivery from tne latter 
into the sewer, I incline to think that gratings 
opening into the sewers, might be almost entire^ 
dispensed with, and the constant ripping up of 
the street avoided. 

I am aware that some objection at present is 
taken to a single drain being made to serve for 
even two houses, but by the plan I am about to 
suggest this objection would not arise. I think 
there is, as yet, no possibility of really ventilating 
a large sewer. I am certun it is quite easy to 
perfectly ventilate a large drain, a drain large 
enough to serve for 50 or 100 houses. The sug^- 
tion I have to offer is, that such an intercepting 
drain, of say about 12 in. diameter, might be made 
to nm parallel with the sewer, with out one de- 
livery from it into the sewer, which could easily be 
trapped, each house could have its own drain as 
now, but instead of being led directly^ into the 
unventilatedsewer, should deliver into an intercept- 
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ing Tentilated drain, while tbe soil-pipe, fhe foulest 
pipe within each house, could easily be separately 
and most effectually ventilated also. Thus, I fed 
quite certain, all danger from sewer drains and 
soil-pipes would be done away with. 

The intercepting drain should be placed under 
the control of some duly constituted authority in 
each parish or district, which would be responsible 
for its being kept in proper order, both as regards 
flushing and ventilating; and it may even be found 
practicable to collect tiie solid part of the most 
impure matter at each deUvety into the sewer, 
deodorise it there, and remove it periodically to 
where it would be useful as manure, instead of, ias 
now, being made to pass into streams, rendering 
them unfit for use. 




CINDEBrSIFTING ASH-CLOSETS. 
fty I. emftn Morrril. 

This system, which I invented some years 
ago, is now so well known throughout the countiy, 
that it is scarcely necessary to describe it. To 
those, however, who may not be acquainted with 
it, the following brief description wiH convey 
some idea of its value. 

It is the only know£i system which is capable of 
utilising for sanitary and economical purposes 
the waste material wMch is found at every house. 
This material, under the old system, is consigned 
to what is known as a midden, or ash-pit, and is 
mainly composed of ashes, three- fourths of which 
are, on examination, found to be cinders, and the 
remainder fine ash-dust. This latter has been 
shown by Mr. Watts, in his " IMctionary of 
Chemistry," and by Dr. Stockhardt, in his 
** Chemistry of Agriculture,** to be of great 
value, on the one hand, as a deodorant and 
absorbant; and, on the other, for agricultural 
purposes as a manure. 

If auy person will take an ordinary hand-riddle 
of fine mesh, and separate the cinders from the 
dust, and scatter the latter with a hand-scoop 
over the night soil of a closet, he will find that it 
keeps down all suiell, and so prevents the oifen* 
give and injurious effects of human excrement. 
He need scarcely be told to put the sifted oiiiderH 
on to the fire, and utilise them as fuel. But the 
operation of sifting cinders in this manner is so 
laborious, irksome, and uncleanly, that it is not 
likely to be carried out by anv but those 
who are keenly sensitive on the observance of 
sanitary laws, and as these are found as yet, even 
after years of lecturing, to be a very small minority, 
we cannot rely upon the labour being voluntarily 
performed by many. Hence the invention of this 
cinder-sifting ash-closet, which is designed so that 
by a self-actmg arrangement the cinders are sifted, 
and a dose of the fine ash^ust is scattered over 
the soil on each use of the closet. The ashes, as 
they come from the house fire-grate, are merely 
thrown through a hole in the wall, and find their 
way on to a sloping screener attached to the rear of 
the closet. By the pressure upon the seat, on use, 
this screener leoeives amotion oy which the cinders 
roll down its incline, and fall into a space, where 
they are ready to collect for re-bundng ; the ash- 
falls through the sieve into a hopper, and 
to a scoop which, on tiie penon leaving tiie 



seat, delivers a dose of this dust on to the i^ 
immediately below the eeat. The most nm 
improvements have been to secure all the sbm 
being done by one moving pMt in the wkl 
arrangement, so tiliat the simplicity of the apiU 
is pe^eot, and is wadk that nottiiBg \m ik 
absolute wilful damage can pat at out of ordq 
The receptacle for the soil may beeither a montj 
pan or a fixed vault. If the pan is «nd, vhidi 
the present time is most gekkenil, 4t8 remonl t4^ 
place at weekly intorals. If tbhM Yanh is uti i 
contents may be ooliected, without tiie n^ 
entering the vault, and oanied away at wm^ 
intervals. Where -a regular system d ooQeotu 
can be relied Upon, perhaps tiie movable [d I 
the best. Thistt hdd to be so by medical mtbH 
ties at the present day. For some reasons I iirj 
not, however, be surprised to see the 
pail give place to the fixed v»dt, as i«r 
reason I oannot help thinking that fite 
would prove the most economical in coUerL 
Over three ihonaand of these dotete 
in use in the Pendleton district of Salforl 
the movable pail is the receptacle. The 
there is to carry the fall pail away, and 
it by a clean one. The full paOs are caBm*< 
a specially constructed cart to the oofpon& 
manure depdt, where the contents nndeigot 
ment which consolidates them into a n^ 
manure that meets with a ready tak. it 
dep6t, arrangements also are provided lor vti^' 
the garbage and other refuse which are ' 
to it from the dwellmgs in a separate reo^ 
For my own part, I must oottfess that I ^ 
prefer to see the manure offered to the Utw^ 
its crude state, just as it leaves the schI neft» 
This may, however, be difBeolt where thef^^ 
not universal in tiie ^tistriot, as in sadi csm r 
vision has to be made for dealing with th« n^ 
collected from the old system of Sosets as va. 

It will be understood that whether a mv^ 
pail is used, or a fixed vault, undf r tins (f^ '• 
the contents will be an ecpnl mixtare of vb > 
dry-ash, and that, accordmgly, tiie nhm s ^ 
or less a dry inoffensive mass <k valuable m 
in appearance resembliiig dai3t monld, sac 
consistency which renders its remofal aa 
matter even if the vault is used. The absA^v 
deodorant and absorbant renders the tk^^ 
during use most offensive, and so I osn 
why the tub system is oondeonied by i 
The contents are always in a rioihy fUtr 
besides being injurious during use, are dift^ 
remove, hence the complaints we hear ti ^^- 
the removal of the tubs to Hm manspe i^ 
complaints which cannot possibly arise vbrr* ' 
ai)h-closet system is properly earned «a? ^ 
believe that medical antbo ii t i e s advoosle tbi * 
system, because the contents are by it <^^ 
bodily away, but it is difficult to uii4««^^ 
some of these leaders in the van of sssitan ^ 
provement can reconcile tlieniselv«s toCbt lir. 
nessand offensiveness of a tub of havtf "*"'' 
remaining exposed, as it does, dsmg * .*f^'^ 
least seven days. I can only espbini thii by *" 
posing that the advocates of the tab. ^*^ *• 
simple, are not acquainted wHk Iks h^ ^ *^ 
being a better sysbetn* 

T^ advttfflages of 
may be ^ntimorated as toBowb S"* 
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It coats DO mcMre, in its appliootion to new pre- 
mises, than the old midden system. It is perfect 
as a sanitary improvement. It economises fuel. 
It nuJces a valtiabe manure of that which is com* 
paratively valueless under any other syatem. It 
reduces &e cost of removing refuse, inasmuch as 
it leaves the greatest portion of the hulk on the 
premises in the form of cinders. It prevents the 
injury of land by covering it with a layer of 
cinden whenever m^t soil uom middens is used 
for manure. It can supplement the ashes with 
any other dry material, such as dried earth, if at 
timeait isdeored todo so. It requires no extra atten- 
tion. It cannot get out x>f order. It is applicable 
to any premises, and is equally suited to the man- 
sion and the oot( age, to aohools and public institu- 
tions, to all of iMiich it is ezt^iaiFdy applied. 
It prevents the poUution of well waters. The 
closets are eonstruoted in portable and akeleton 
forms, and are supped only by the Sanitary 
Appliance Oompany, limited, of Salf ord. 

The following report of a deputation from a 
neighbouring town, who visited J?endleton to see 
the system in operation, should suffice to satisfy 
sanitary reformers that they may find in it the 
much-desired remedy for tlie evils common to the 
old midden and cesq^ool, without incurring the 
dangers that follow £rom the adoption of what is 
known as the tub system, or from the adoption of 
the water-doset system i-^ 

' * Th^ were first shown the ' Horrell * closets. These 
are really pail oloaets, witii the addition of a cinder- 
sifter, BO adapted, that hy mechanical contrivance, a 
certain amoimt of ftiie ash is thrown into the pail every 
tinie the closet seat is ralieved from pressoie. The fine 
ash absorbs the nrine and gases in its pores, and becomes 
more or less intimately mised witii the solid eKcreta. 
By this adaptation, the contents of the pail are not in 
tliat slushy oondition observed in sU cases where the 
pail receives only the human solid and liquid discharges, 
and the first stage in the preparation oi a good, useful 
manure is thus oone automatically. 

** These closets were particularly free from smell, snd 
were very neat and dean. Salford has tried the simple 
pail, but has now discarded its use in favour of Morreu*8 
unprovement of it. 

** Every new house has its own sepsrate closet, and 
old houses are oompeUed to have, at least, one doset 
to two dwellings. The pails are xeplaeed at least once 
a- week, and conveyed in a covered van in daytime to 
the dep5t at Salford-bridge. Here, one by one, thev 
are emptied into an iron mixing trough, more fine asn 
thrown in along with a small quantity of sulphate of 
lime, and in a few minutes is discharged &om the 
trough a dry, portable manure, in the course of a few 
hours quite free from smell, and sold at 128. 6d. per 
ton. The coarse ash and clinker are ground in amortar 
mill with sand and lime, snd form an excellent moitar, 
eadily saleable at 5s. 6d. per ton. The weeks are of 
very un|iceteDtuyns character, the machinery ainmle, yet 
efficient, snd the offensiveness as small as possible." 



SEWAGE IRBiaATION IN FABIS. 

By W. Allen Bturge, X.D., 

AsMtsnt-Phyndui to the Boyal S!E«e HovitiJ. 

Dnring the laat few years whensasiitary soieace 
has been advancing at so rapid a pace in England, 
a naukat movement has been going on in Ixanoe, 
It 18 tme that the Frenoh have, in some inataaoee, 



been later than ourselves inintrodudng much-needed 
reforms ; bat, having once devoted their attention 
to a subject, the system of centralisation, which is 
so marked a feature of government in France, haa 
enabled them to bring more power to bear upon, 
the solution of great ncactilcal questions than is 
generally possible in flngland. The question of 
the disposal of sewage is a good example of the 
difference between the two countries. This subject 
has been a prominent one in England for a »>od 
many years. A large number of methods have 
been tned in difierent towns, with a view to avoid- 
ing pollution of air or of water, and most of these 
plans have been abandoned, either on aooount of 
their great expense, or on aooount of their failure 
to aocomjdish the object whioh they were izitended 
to fulfil. Finally, alter many years iA experi- 
mentation, wa seem to be solving the problem hj 
eatablishing sew4ge faons, and the efforts of 
sanitary reformers am becoming more and move 
ooncentratednpon this mode of disposal of sew«g!e» 
in the endeavour to bring it to perfection. 

In fVance, on tbe other band, the experimenta- 
tion in this direction has been conducted on a 
much smaller scale; but, having been onoe aroused 
to the neoeeaity lor action, the anithorities have 
inofited by the experience gained in England ; 
have decided in favour of devoting their eneimes 
to sewage izrigatiDn ; and have mAde one of l£eir 
first attempts at Paris itself. Tbus, whilst, in 
England, we shall have been the first to adopt 
sewage izxigation in a variety of localities, and 
under very different conditioBS, tibe French wiU 
have been the first to make use of this method for 
the disposal of the sewage of a town of the largest 



The history of the kitrodnotlon of aewage irri- 
gation into France is briefly as follows :--Sinoe 
the year 1832, a main drainage system on a large 
scale has been gradually perfeoted in Paris. TJp 
to that time, numerous drains opened directly 
into the Sdne, with the resvdt that the river, in 
its course through the town, became greatly 
polluted. Under the necw system of drainage, the 
sewage has been collected into one great c hanne l , 
and canied to CSiohy, a few miles below Paris, 
wbere it is turned into the river. As a conse- 
quence of this improvement, the Seine is purified, 
so far as the town of Paris is concerned ; but for 
many miles bdow the outlet of the great sewer its 
condition has become even worse than before, and 
the numerous towns and villages on i^ banks, for 
a considerable distance, have suffered from ajl t^e 
evils arising from the presence of a polluted stream. 
It was to remedy this evil that the proposal was 
made, in 1864, by M. Mille, an eminent Frsnoh 
engineer, to pour the sewage on to the land, and 
to purify the water by this means. 

The problffln presented to the French engineers 
differed from that which is met with in most 
English towns, in the fact that at Paris a very 
small proportion of solid excreta finds its way into 
the sewers. The solid excreta are for the moat 
part received into well-construoted oeaspools, 
whidi are emptied at intervals, and their contents 
converted into manure, and thus the quantity of 
organic matter in each cubic yard of sewer-water 
is considerably reduced, and the material tobe dealt 
with is consequently move dalnte than is Ithe Aasa in 
" ■ id. 
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The propodtion made by M. Mille, was to 
oonrev ^e dilate sewage on to some barren, sandy 
land m the oommime of GennevillierB, within a 
short distance of the outlet of the sewer, to poor 
as much of it on to the land as the soil was capable 
of receiving, and gradually to extend the area 
thus irrigated, until the whole of the sewage was 
so disposed of. Operations were begun in 1869 
by pumping a few thousand cubic yards of water 
on to about 17 acres of land, and, though the 
works were stopped for a time by the Franco- 
Gterman war. the progress has been steady up to 
the present time, when about 1,000 acres of 
sewage-irrigated land are under cultiTation. This 
area is found to be sufficient to purify about one- 
fifth of all the sewage of Paris ; and a plan has 
been drawn up, and is likely to be shortly carried 
into execution, for providing the land requisite for 
the epuration of the remaimng A>ur-fifth8. There 
still remain rather more than 1,000 acres in the 
commune of Genneyilliers, which it is intended to 
bring under irrigation; and to provide the remain- 
ing 3,000 acres, it is in contemplation to pump 
the sewage through a conduit some miles in 
length, on to an estate containing about 3,500 
acres lying to the north of the forest of St. 
Germain. This land, which is State pro- 
perty, consists of sandy, unproductive soil, and 
18 at present for the most part allowed to lie 
fallow. In addition, it is hoped that land in the 
communes bordering upon Gennevilliers, and lauds 
lying in the neighbourhood of the main conduit 
to St. Germain may be gradually added to that 
already under irrigation. 

There are certain differences between the French 
method of procedure and that followed in most 
English towns, where sewage irrigation has been 
introduced. The first of these is that, in Paris, the 
town has not bought or rented any one farm for 
the purpose of irrigation, and with a view to 
canying on its own farming operations. On the 
con^ry, the authorities have aimed at inducing 
independent cultivators to take the sewage for 
themselves. The few acres with which the experi- 
ment was begun were, it is true, bought by the 
town ; but even here the operations were not biegun 
until a number of peasants had agreed to till the 
land on their own account. Since that time, ex* 
tension of the area under irrigation has been almost 
entirely effected by the offers of neighbouring pro- 
prietors to take sewage. 

The estate at St. Germain, which has been 
selected for sewage purposes, will, however, be 
solely in the hands of the town authorities, who 
will themselves conduct the farming operations. By 
having a large estate in their own power, their 
position will he strengthened, because they will then 
be able to supply to independent cultivators just 
such quantity of sewage as thev may require, all 
that is left being carried to their own land at 
8t. Germain; the value of the irrigation will 
consequently become enhanced, and the de- 
mand for it increased. As tne value of tlie 
sewage becomes appreciated, it is expected that 
the town authorities will be in a position to ask 
a fair price for what they supply, and they will 
thus obtain some return on the money expended 
over the works. 

A second distinction between the French and 
Mnglish methods of irrigation is that at Genne- 



villiers, iu consequence of the sewage being toIvd- 
tarily taken by » number of proprietors, the land 
under irrigation is scattered somtswiiat widely ow 
a considerable area instead of lying all withm om 
boundary fence. The thousand acres are dispened 
over an area of nearly three times that eztent 
strips of non-inigated land lying betw€en tK» 
irrigated fidds, a sub-division which is an sdTir.- 
tage from the sanitary point of view. 

A third distinction is, that in France the epon- 
tion of the sewage is looked upon asonlyainv: 
step towards its complete utilisation. The essentii! 
principle of the plan adopted at Paris is that :t 
admits of indefinite «vxtension. In English tov&«. 
where a sewage farm is rented by the mnnicipalitT. 
the farm stands out by itself as something peculii* 
from the surrounding farms ; there is often a p^ 
prejudice against it m the minds of neighboorj i 
proprietors, and, I believe, it T<>ry nrkj occu^ 
that sewage is carried to other land than that com- 
prised in tiiie farm. This policy of isolation is oi 
which it has, doubtless, been very difficult to avoui, 
but it is one which brings many evils in iti v»k>. 
One of the results due to it is that there is littlr 
chance of doing more thanepurate the sewage. It 
is well-known that land will absorb and purify < 
vastly greater quantity of sewage than can baa^i 
up by uie crops growing upon it. In aoqaizing *. 
sewage farm, the authorities of towns, vitb i 
view to keeping down initial expensest W 
their calculations of the amount of land reqai^^ 
upon the capacity of land to epurate, ntbr; 
than upon the capacity of crops to iiti)»e 
sewiige. But it has hitherto been found iinpc^- 
sible to pour very large quantities of sewigt 
over lands without the production of more or lev 
scum on the surface, which is difiBUmlt to get rid d. 
and which tends to give a show of reason to ibt 
popular outcry against sewage farms on the grouch 
of their unhealudness. Whatever disagneit'^ 
effects TMLj arise from the presence of a •evV' 
farm in the neighbotirhood, can be traced to t^ 
presence of this scum and of stagnant sewag« bo-. 
and there. This difficulty would be greatly diiu- 
nished if the sewage could be spread over to wi^ 
an area that only such small quantities woolJ V 
suppdied to each acre of ground as would, in tt 
ordmary course of events, constitute the smomt^ 
manure requisite to obtain the largest poi^ 
crop that the land was capable of {^oci^ 
ITnaer the system which at present prevails in «■*■ 
nection with English sewage farms, it will 1^ 
almost impossible to bring about this mnch df^* 
result ; instead of a gradual extension of th^ irn* 
gation works year by vear, until the sewage n^^ 
generally utilised by the farmers in the neiglibjir- 
hood of our towuR, and bought by them onH i 
such quantities as they may deaira, we *^ 
continue to have the one little plot of gn^ 
groaning under the rich fare with whiob i^ * 
supplied, and tending to keep up the P(^w»^ 
already existing against it by the flxhsisti"" ^ 
effluvia which it wul be unpoaaible altoge^ - 
avoid. 

As I have already said, the syst^em adopted »* 
Paris admits of almost indefinite extension. Tt' 
sewa^ being taken by independent propciHcr 
the Tue in the value of the land resultinf froi& ^ 
irrigation is evident to evenrone. Fresh lessee ** 
land recently brought under irrigatioa. an iit- 
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qaeatly being drawn up, the rent under the new leases 
being genenUly three* four, and even five times as 
muoh as that obtained before irrigation was intro- 
duced. This rise in price is by far the beet argument 
with which to OTeroome ignorant prejudices ; and 
thusithappens that one proprietor after another begs 
to hare his land included in the network of conduits. 
It is easy to see what will be the result of this 
system. For the complete epuration of the Paris 
sewage, 5,000 acres of land will be required ; for 
its complete utilisation, not less than 150,000 would 
be necessary. The saturation of 5,000 acres must 
inevitably be attended by some disagreeable con- 
iieqnences, the simple manuring of 150,000 could 
be attended by none. The acquisition of even 
5,000 acres by the town authorities would be no 
easy matter; iho supply of the wants of tiie farmers 
over 150,000 acres is merely a question of ordinary 
commerce ; and now that the enormous value of 
sewage as manure is recogmsed and proved beyond 
a doabt by the great increase in the value of 
irrigated land, it ctm be only a question of time 
when an area nearly or quite as large as this is 
irrigated. Already an offer to take sewage to 
manure 9,000 acres ha^i been made by the mayor 
of Mery-sur-Oise, a town lying a few miles to the 
north-west of Paris, and plans have also been 
drawn up for the formation of secondary conduits 
in connection with the irrent main conduit that is 
to carry the sewage to St. Germain. These secon- 
dary conduits vnu convey the sewage to various 
tracts of country in the neighbourhood as the 
demand arises for it. 

At present the whole question of sewage irriga- 
tion is in an early stage of development, and epura- 
tion only is being attuned. The nnanoial results are 
already almost beyond expectation, but the inevi- 
table results of sewage saturation have followed, 
viz., the presence of effluvia and the consequent 
outcry amongst the inhabitants of the district. 
Great complaints have been made that since the 
introduction of the irrigation, ague has become 
far more common than it was before, and that 
more deaths occur from diarrhoea and dysentery. 
It appears to be pretty certain that ague has 
increased at Qennevilliers of late yeai;s, but other 
causes have concurred with the establishment of 
irrigation in producing this result. Chief amongst 
them is a rise in the level of subterranean water, 
owing to the construotion of a weir a few miles 
below Paris, which raised the level of the Seine 
between three and four feet, and thus caused an 
inundation of the cellars of i^e houses. The weir 
was finished just before the irrigations were beg^on, 
and if not the sole cause of the production of ague, 
it has, at any rate, greatly aided the irrigation in 
bringing about the increased frequency of this 



It is difficult to g^t at the real truth about the 
increase of diarrhoea. Most of the doctors of the 
neighbourhood assert that there has been a con- 
siderable increase ; but Dr. Proust, who drew up 
a report upon the sanitary condition of Gtenne- 
rilliers, attached but litUe weight to the evidence 
they brought forward. Whether, however, there 
be or be not a diminution in the healthiness of the 
neighbourhood, as the result of the saturation with 
sewage, which is at present going on at (Qenne- 
villiers, is a matter of only temporary importance ; 
becanse, as the system beoome eactended, and the 



amount of sewage distributed to each acre is greatly 
lessened, these evils wiU disappear. In England, 
on the contrary, the question is one of very great 
importance, because of the tendency which now 
prevails to establish permanent depdts for sew- 
age saturation, and it is one which will doubtless 
attract the attention it deserves. Its further dis- 
cusnon I leave to those who are intimately ac- 
quainted with the working of English sewage 
farms. 



THE VENTILATION OP SEWERS. 
By John 0. IHntoa. 

The furnace system for the ventilation of coal 
mines has now become obsolete. The plan was a 
sluggish one, depending on the rarefaction of the 
air in the fumaoe or upcast shaft, which was so 
arranged with those intricate passages in the 
depths of the earth that, as the rarefied air 
ascended, another or downcast shaft supplied fresh 
air to the workings. The suction fan now takes 
the place of the furnace system. In some instances 
air is discharged and supplied by these fans at the 
rate of 100,000 cubic feet and upwards per minute. 

Suction fans have been condemned by some 
authorities as inapplicable for the ventilation of 
oar main-drainage systems. I think differentiy, 
that the main-drainage systems of Great Britain 
have been constructed in ignorance as regards 
ventilation. Our forefathers, no doubt, did not 
experience the want of proper ventilatioii and 
dilution of sewer gas, whimi now exists in densely- 
populated cities. Modem works have been con- 
structed, ventilating shafts have been adopted, 
forming upcast and downcast, according to the 
locality, nature has been coaxed to aerate these 
foul receptacles, the sluggish gases have been 
purified by the charcoal process, and the noxious 
vapours have been trapped from our dwellings ; yet, 
with all these precautions, very littie has been 
done to create an in-draught into our main sewers 
dispersing the vapours from the subways far over- 
head. 

In the first instance, I consider that the sower- 
age works of towns should be so planned that the 
low-lying districts are kept separate, as far as 
practicable, from those of the higner districts ; that 
each district should have a separate sewer, carrying 
away the sewage and rainfall from that district 
alone, they should debouch into a main common 
to all, and should be arranged with large syphon 
bends, so that the sewer gas of one district may 
not fiow into that of another district, thus I 
may be able to deal most effectually with the 
sewer gas. With such an arrangement, I pro- 
pose drawing the gases out of each district, dis- 
charging them into the main common to all, and 
which eventually would be discharged at the out- 
fall, or made to pass up a chimney, and be dis- 
persed far over head. 

Secondly, that all the existing water-carriiwe 
plans for tiie removal of refuse are defective, in the 
absence of an abundant supply of flushing water 
directiy applied to the main drainage system. I 
have advocated pumping up sea-water for this 
purpose for sea-coast towns, and, indeed, for all 
towns where it could be cheaply and oonyeniently 
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availed. I coxunder tliat, by the application of 
•ea- water, the refuse would be picklea, and wouid 
find its way seaward before decomposition took 
place, and noxious upases were evolTed . In all other 
towns the fresh water supply should be sufficient 
to meet ordinary requirements, as likewise for 
periodical or continuous flushing. In the applica- 
tion I have simply considered it necessary to 
flush the house pipes ; and when these tiibutazies 
are properly flUiUied, the mains will likewise 
be BO. 

If it is once ceded that continuous flushing is 
needed for the furesent ^stem, I consider that a 
separate system, independent of rainfall, is prefer- 
able for the removal of refuse and the effluent 
water from our dwellings. We should be able to 
dispense with gullies, and, as there would not be 
so many air-holes, the gases would be more effec- 
tually dealt with. However, there can be no 
(^jeofcion to carry away the rainfall, discharging 
it into the large main already mentioned, whidi 
finally terminates at the outfall. 

'Thib small jets of water for flushing the pipes 
leading from the houses need notbe more than i inch 
in diameter ; the water diould be made to spread, 
striking against the side of the pii)e, thus tending 
to prevent in- draught, and placed in such a posi- 
tion as not to be affected with refuse. For sake of 
illustration, 4,000 of these jets would represent an 
area of 784 square inches, or a diameter of neaxiy 31} 
inches ; so, with the water ddivered under a mode- 
rate pressure, as from ordinary cisterns, these small 
tributaries would eventually create a great rush 
of flushing water in the mains, the delivery 
being carefully calculated to suit the require- 
ments. 

In some recent examples for the ventilation of 
sewers, open gratings have been fitted in the middle 
of the roadways, in connection with shafts leading 
from the top of the main sewers. Many towns 
have such an arrangement. These, no doubt, allow 
the gases to flow out of the mains, more especially 
when the sewer gases are compressed by a sudden 
flow of water. In warm weather, with a minimum 
flow of water through the sewers, tiie gases rise 
very sluggishly, and we know the exhalations are 
very offensive. The '* sun '* is the furnace, as it 
were (of the plan adopted by the early miner), 
and the sewers being of lower temperature than 
the atmosphere, the cold air in the sewers rises 
through me open gratings ; hence the various 
systems for deodorisising the gases by the charcoal 
process. In the winter months, our houses act as 
the furnaces; and as we try to make them as 
enuff as possible, by reducing aUin-draughtthrough 
window fittings and doorways to the minimum, 
the open gratings, fitted to the main sewers, then 
aot as feeders, sweeping a cold current, of air 
through the sewers, which carries the foul gases 
along, and eventually rush through faulty fittings, 
into our comparatively warm dwellings. This must 
take place at all seasons of the year, and more 
especially during the night, when we cannot open 
our windows for ventilation, and when our rooms 
are at a higher temperature than the atmosphere. 
However, the mors the sewers are properly 
aerated, reducing the in-draughts into our dweU- 
ings, from these noxious receptades at all seasons 
oif the year, the more healthfcu will our habitattons 
beoome. 8o wis am f creed to condemn the plam i 



**£oman" system, and advocate the suction fan 
method adopted by the modem miner. 

The furnace system, for promoting ventilatioiL. 
we all know to be a very expansive plan, unless we 
can utilise, as in large manufactnrini^ districts, the 
numerous furnaces under steam boileni. Hub plan 
has, no doubt, certain advantages in being abfe to 
deodorise the gases, by passing them thiongh the 
furnace, and then up tali chiflsneya, where the 
purified vapours would be wafted awi 

Next oomes the suction fan, driven by the i 
engine. Now, we have a fuxnaoe, and at the i 
time we create a powexfnl current of air pttssing 
into, and drawn out of, the aewen, and then 
through the fumaoe and up the chimney to the 
clouds. 

With fans propdled by wind we have a power 
uncertain and oapridous. However, we cosiwdw 
Archimedean screw ventilaton oonld be amlied 
with a measure of success in many small vfllages 
where economy may be a desideratum. They arc 
very sensitive ; the least wind will canae then& to 
revolve, and with sudi an apparatus placed on the 
top of a hish chimney, the revolving wheel bemg 
six feet in mameter, we should have an engine of 
considerable power. These machines are fitted 
with spiral screw blades for creating an upward 
current. At times the action is feeble ; the gases, 
however, would be kept in motion. In high winds 
the revokitions are considerable, and tibe gaaes 
would be screwed out of the sewers more rapidly, 
and instantiy dispersed. Qbs engines may be wed 
for driving tiie fan, as some authorities ms^ object 
to Bteam-*engine6 and smoke dumneya etadded over 
large and laahionable localities ; bat when we con- 
sider that sdenoe has rendered those shafta aosoke- 
less, the engine becomes a matter of oonnraniakoe, 
and a pood gas-engine of moderate power lequiies 
less skill on the pwt of the attendant. 

Lastty, we have to consider the torfaine or water 
engine for driving the fan. I have shown tiiat, 
for the water<<)aniage system for the removal of 
refuse, more flushing water becomes imperative, 
and we propose taking advantage of the effluent 
water flowing from the turbine to effect a thorough 
cleansing of our underground netways. And, to 
satisfy the most fastidious, I propoae drawing the 
gases thrcMigh an inclosed bed of ohazooal of snfi- 
oient capacity to suit the re<^uirements. 

I win now draw attention to theaa soetion 
fans. A fan driven by an engine of 20 horse-power 
discharges 25,000 oubic feet per minute, the aootion 
pipe bemg 90 inches in diameter, one mile ol eiioh 
a pipe contains 26,872 cubic feet, or a HtUe more 
than the above fan delivers per minute. The 
mileage per hour drawn through this SO-inch pipe 
will be 58, in round numbers, and in the 24 boon 
1,392 miles of air are drawn through this pipe of 
30 inches in diameter, VhQe the total quantity 
of air expelled by the machine is 96,000,000 
cubic feet in the 24 hours, or, in other words, 
thirty-six millions of cubic feet would be 
drawn out of a certain sewera^ ana, and pure air 
would instantiy fill up the void, pouring into the 
sewers through existing apertures, or properly 
oonstruoted inlets. To plaoe these ham in im* 
mediate oonneotion with the sewers u h 




able. As the nomerons guUy holes woidd aot as 
Isedowi, and the mrbscswhre 
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tance, would become inopeiwtiTe, we must lay 
dowB a system of piping, so that the sewers may 
be attacked, and the gases gently drawn out over 
a large area. Were we to create a sadden rush of 
air at one part of the sewerage system, even 
although with no gully holes, we consider the 
water tnps in the house arraaeemefits would be 
unsealed, and, as we have already stated, the ex- 
haustiTe power would be limited. 

For sake of illustration, I will take a straight 
length of piping, oommenoing with 30 inches 
diameter at the fan. l^is line of piping should be 
graduated to a small diameter at the extreme end, 
of, say* one-sixth of thearoa, or 12^ inches diameter, 
the oftd of the pipe beuig fitted with a blind flange. 
This being the main suction pipe, branches are 
cast on at oertam intervals, and pipes fitted thereto 
in connection with the main sewer, or still 
smaller pipes in connection with each drain from 
the houses. These pipes should be smallest nearest 
the fan, and varying in diameter to the extreme 
end of the main suction pipe. We consider, that 
by this arransement of graduated main and 
feeders, that Uke draught would be equalised 
tibroughout tiie entire length of pipe. 

When it is desirable to lead a pipe from the main 
into each house drain, it must be placed between 
the sewer and the trap, fitted to the drain pipe. 
These feeders must be small in diameter, so that 
their combined area does not exceed the area of 
the suction pipe, as likewise to embraoe as many 
house drains as practicable. For sake of illustra- 
tion, w« will tejce all the feeders of an uniform 
diameter of ^ an inch. The area of the 30 inches 
suction ^pe is 706 square inches, and as the area 
of i an in<ui is '196, it will require 3,600 feeders to 
make up the area of the dO-inch suction pipe, or, 
in other words, 3,600 house drains will be in com- 
munication with the suction fan. As the fan 
discharges 25,000 cubic feet per minute, each 
feeder would be drawing from the sewers, say, 
6'94 cubic feet per uini;^, or 416 cubic feet per 
hour. Thus it will be seen that the sewer air 
would be gently drawn out over the entire area to 
be ventilated. 

We will now assume that a slsreet contains 320 
houses to the mile, the houses, of course, being on 
each side of the sta^eet. As there are 3,600 house 
drains to be ventilated, the total length of the 
street would be 11^ miles. This diows the 
capabflity of a suotion fan di8chai:ging 25,000 
cubic le^ of air per minute. We consider this 
armngeineiKt of shmU feeders extends the area to be 
ventilaled. Were the feeders one inch in diameter 
more air would be drawn through each, but 
there would be only 900 hoose drains ventiLated, 
and the ouleage would be reduced in propor- 
tion, la another armngeoient, larger f eeaers are 
fitted to the mam suction pipe, and placed in com- 
mimioation with the main sewers. These pipes 
woiUd be placed further apart than the former 
arrangement, and graduated from a small diameter 
at the end nearest the fan, and mcreasing in dia- 
meter towiu'ds the extreme end, thereby tending 
to equalise the draught thnoughout the ei^tire range 
of piping. 

In 6<HBe situations the msdn sewen may be of 
•«fficient oapaci^, so that the suction jpipe could 
be hnmcT ^ikmii the roof. It should be pisroed with 
holes at certain intervals, which would act as 



feeders, dmwing off the gases immediately over 
the parts when generated, and we consider all 
new works should be so arranged when prac- 
ticable. 

In the meantime, we have to deal with existing 
arrangements. In some towns, steam-power would 
be preferable for diiving the fan, and in other 
towns water pressure may be adopted. Xn laying 
down this proposed pneumatic mode of ventilation, 
central situations must be chosen. The area to be 
ventilated we will assume to be four square miles. 
A powerful suotion fan must be erected centrally 
in that area, and placed in connection with a circular 
suction box, from which the vanous suotian pipes 
would diverge. These pipes would be arranged 
through the main streets and cross streets, in a 
similar arrangement as for the dittribution of gas 
lor lighting purposes, and the feeders carried into 
the house drains, or in direct communication with 
the sewers, in the same way as the small gas pipes 
are taken into our houses. The one syst^ of 

g'ping is identical with that of the other ; the gas 
om the gas works is delivered under pressure ; 
the pneimiatio method of ventilation si^iplies air to 
our sewerage systems, by the exhaustion of a large 
volume of sir drawn out of a jsystem of piping, 
which, if properly arranged, cannot create negative 
pressure in uie sewers, and which, we consider, 
would prove a great blessing to the community at 
large, by the thorough ventUation and purified dis- 
persion of sewer gas carried up high cnimneys, far 
overhead. 



ON THE STTBBTITUTION' OF THE PAIL 
SYSTEM FOR THE PRIVY MIDDEN SYSTEM 
IN NOTTINGHAM, AND ITS EFFECTS IN 
REDUOINa THE MORTALITY AND SICK- 
NESS FROM ENTERIC AND CONTINUED 
FEVERS. 

By Sftwsrd flsatim, V.B., 
IMioal OAmt gf JBttlth. 

The following paper relates to my experience in 
Nottingham, dunng the five years 1873—1877, of 
the effects produced by the substitution of the 
pail-closet for the piivy-midden system, with 
regard especially to the prevalence of enteric 
fever and simple continued fevers, diseases which 
are grouped together by the Registrar-General 
under the one heading, ** Fever." 

I should explain, at the outset, that the circum- 
stances under which Nottingham is placed, as 
regard its dwellings, is somewhat peculiar, and, 
as far as I know, without parallel in any other 
town of about the same size. Previous to 185 1 , the 
old town, as it then existed, was confined within 
very narrow limits, and was described as the most 
densely built on of any in the kingdom ; for, 
though the borough included an area of nearly 
2,000 acres, the greater part had been reserved as 
commonable lands, and was not available for 
building purposes. It was not till 1851 that the 
restrictions were removed, the land thrown into 
the building market, and the natural growth of 
the town aSlowed to take place. The new town, 
which has grown up around the old one during 
the past quuter of a century, differs as widely as 
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possible from the older part, to whioh it is directly 
oontigaons. 

The streets of the latter are narrow and tortu- 
ous ; leading from them are numerous courts and 
aUeys which are mostly cul de bocb. The houses 
consist, in large proportion, of those built on the 
back to back principle, of which there are about 
8,000. It will be easily understood, therefore, that 
the evils of the privy midden system would be 
present in their worst form in such a district. Upon 
the nature of these evils it were unnecessary to 
expatiate in this place. 

it was, then, the peculiar nature of these circum- 
stances that flJmost forced upon the Health Ck)m- 
mittee, ten years ago, the adoption of a system 
of removing excreta by tubs or pails, for the 
effectual abatement of the nuisances that were so 
rife. Some trials were at that time made by lUr. 
Bichards, who h^ for many years been the chief 
sanitary inspector, and who has paid great attention 
to this subject, of the working of this plan in a few 
isolated cases. These subsequently became more 
numerous as the results proveasatidfaotory, and so, 
by very slow degrees, the system became adopted. 
By very slow degrees, at first, however, as at the 
end of 1872 there were only 363 closets, Hince 
that time, and during the period to which my own 
experience relates, the progress has been much 
more rapid, and at the end of 1877 there were as 
many as 6,000, including tho^e substituted for 
middens and those attached to new houses. 

Besides fsces and urine, the pails receive the 
ashes and dry domestic refuse, and in this respect 
the system differs from that at Bochdale, Man- 
chester, and Birmingham. There being a good 
agricultural district around the borough, there is 
no difficulty in disposing of the crude stuff, and as 
yet therp has been no necessity to manufacture 
manure. The chief reason, tiierefore, for keeping 
the ashes, &c., separate, does not exist in our 
case, and the great advantages of mixing the 
dectdorising and absorbing materials with the 
excreta are retained. 

Let us take now the facts as regards sickness and 
mortality from fever. For this purpose, I have 
compared the figures for two periods of five 
years each — a time sufficiently long to allow for 
epidemic influence. The returns of deaths, with 
the exception of those for 1868-1869, which are 
taken direct from the returns of the district 
Ke^strar, are taken from the Be&nstrar-C^eneral's 
periodical returns; those of sidmess, ht>m the 
leturos of the General Dispensary, which are the 
only ones available for the purpose. 

Ae following table sets forai the comparative 
statement: — 

I.— QuDrQuxmnAD. (1868-1872.) 
T^uiatton 85,000. iVivy Midden 8yiUm PtemUng. 



Tew. 


DiMMinttxy. 




D6»tfa» 


1868 


118 




49 


1869 


147 




47 


1870 


221 




106 


1871 


137 




116 


1872 


130 




77 



Total.... 748 



• • • • 



396 



II.— QuiNQtTEKirLU). (1873-1877). 

JhtpuUUion 95,000. Fail Clotet System partial^ Uien tht 
place of the Privy Midden Syetem. 




1873 


Ferer 
104 


1874 


137 


1876 


111 


1876 


123 


1877 :... 


74 


Total.... 


649 



70 
46 
70 
40 
31 



256 



The difference is yery striking in the total amoont 
of the sickness and mortality for the tvro periods : 
it is still more so in proportion to the popolatiooi. 
For the first period, the annual mortaiity was in 
the ratio of 9*2 per 10,000 of the population. 
During the second, it was onljr equal to 5-3, s 
diminution of more than one-third. The amoimt 
of sickness, as evidenced hj the retunu Aram the 
dispensary, was also diminished by nearly ooe- 
third. 

But, it will be said, have there not been other 
sanitary improvements progressing oommdently, 
and are they not of a nature to reduce the 
mortality? How about your water eunplyajxl 
drainage, and have you not better hondtal aooom- 
modation, for the isolation of cases ox this kind f 
It would be difficult or impossible to eKmiitst^ 
each of these conditions, and to state definitely to 
to what extent they may have shared in the resiiltB 
that have been attained. With the exception of 
the first, there is no reason for attributing tny 
share to the conditions above mentioned. 

A great deal of attention has been giTen to the 
sewerage, but it has been entirely in connection with 
its disposal. As regards internal sewerage sr- 
rangements, there has been no improveoMnt 
whatever. In fact, our position in this reniect, of 
late, has not been so good as it fonnerfy was. 
As regards hospital accommodation for typhoid 
fever, we are placed now ezaotly as we were tea 
years ago, so that both sewerage and bospttal 
accommodation may be set aside. 

As regards the water supply, I am not able to 
speak with equal certain^. The town has been 
supplied always by a private oompeny. Tbere 
were but very few private wells, and these, about 
thirty or forty in number, were closed when the 
Public Health Amendment Act of 1874 was 
passed. The public supply was chiefly derived 
from a source of unquestionable chancter, bat s 
limited part came from others more or leas open to 
objection. There have been some improrements 
in this respect. Of the three sources open to 
objection, one has been disoontiniiedt another 
only used occasionally, and an additional sonplj. 
of the same character as that first mentionea, liss 
been obtained. It is noteworthy, however, thst 
the one questionable source — a well sunk in the 
hunter beds of the new red sandstone rock, in s 
populous district — ^whioh still remains in use, hss 
been, on good grounds, suspected of being cou- 
oemed in the snread of typhoid. 

On the whme, though improvements ia the 

SubUo water supply may have been tiie means of 
iminishing, to some extent, the amoimt of lever 
in the district, it has not, I think, contriboted very 
largely to that result. 
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So far, the facts I have brought forward show 
a remarkable coinddenoe between the extension, of 
the pail oloset system, and the reduction of sick- 
ness and mortality from enteric and continued 
fever. My knowledge of the other sanitary cir- 
cumstances of the district leads me to place them 
in the rdation of cause and eSeot, Moreover, this 
assumption would be entirely in accordance with 
the accepted facts with regard to the etiology of 
this disease, either upon the view of its pytho- 
genio or simple filth origin, or upon the more 
widely received doctrine of its connection with 
specific filth-borne germs. 

But otiiier facts have come under my observa- 
tion during the five years referred to, and since, 
which furnish proof of another kind, and show the 
dangers arising from privy middens, specially when 
oommon to several nouses. I will mention two 
instances in which this was forcibly illustrated, 
and which formed the subject of a special report 
by me at the time to the health committee. 

There is a yard in the crowded part of the town 
called Parrott's-srard. There were a block of four 
privies and a midden, for the use of 19 houses al- 
together ; some of these were in the yard itself, 
and others back to back in the adjoining street. 
The people from these latter had to come by a 
ciztsuitouB route to the closets, and to pass 
other houaes which had the use of another block, 
In 1875, enteric fever was prevalent in the 
district, and oases occurred in these houses among 
others. The pit was deansed and a quantity of 
strong carbolic powder used. The next year, fever 
reappeared in the yard, and was limited exdusivdy 
to Uie occupants of the houses using the dosets 
aforesaid. There were in all nine cases, and 
but little or no illness of the same kind in the im- 
mediate neighbourhood. Parrott's-yard stood out 
as an infected spot, in which the disease was 
endemic Again measures were taken for the 
disinfection of the pit after it had been deansed. 
In the summer of the following year a case occurred 



in the practice of the dispensary to which I am 
attached, of typical enteric ferer, in a child of fire 
years old, in one of these same houses. How far 
this outbreak might have extended I cannot teU, 
for immediatdy steps were taken to compd the 
alteration of the privies into pail dosets, and since 
that tune there haye been no more cases. The 
disease, which appeared to be endemic in this 
locality, has been literally rooted out. 

The second group of cases refers to a little street, 
known as Snow-hill. In this and the adjoining 
street, Bichmond-street, there were, in 1875, 27 
houses using a block of eight privies and a midden 
of the most abominable construction among the 
occupants of these houses there were several cases 
of enteric fever. I cannot say how many, as at 
the time it was very prevalent in the district, and 
I recdved no systematic information of cases. 

In Novembw and December of 1876, the next 
year, there occurred quite a local epidemic in these 
same houses ; among the occupants there were no 
less than 19 persons attacked, and the remarkable 
fact was that the occupants of houses situate 
higher up the street, who had the use of a sepaitete 
block of pail dosets, were free from illness. There 
was only one case, that of a child who passed much 
of its time in one of the infsxsted houses. 

There were no other droumstances to account 
for the outbreak. The water was from the public 
supply, and there was no reason to call this in 
question, the rest of the neighbourhood supplied 
m>m the same source being free. There was 
nothing to direct suspidon to the milk, the only 
reasonable inference was that the infected privy 
pit had been the cause of the mischief. 

The case was dealt with summarily. The privy 
pit was filled up and pails were substituted, ul 
this instance too, we are justified in saying that 
the disease was eradicated, as since tnat tune, 
with the exception of two sporadic cases, we have 
heard of no enteric fever in the district. 



DISCUSSION. 



THURSDAY, MAY 16th, akd FRIDAY, MAY 16th, 1879, 



The proceedings of the Conference commenced on 
Thursday, May 15, the chair being taken by Lord 
AiiyRKD d. Ghttrchiix, Chairman of the Council, 
who exprened his regret at the absence, through 
illness, of the Bight Hon. James Stansfeld, H.P. 
(Mr. 8tansfeld presided at the afternoon sitting). 

The QhaimMi read the report of the committee ap- 
pointed to adjudicate upon the essays sent, in lesponse 
to the announcement that the Oounoal of the Society 
offered one gM. and three sUver medals, for the best 
st^rgestions for dividing F-^g^^'i and Wales into dis* 
tnots, for the supply of pure water to the towns and 
Tillages in each distnct. x^one of the essays were con- 
sidered worthy of the gold medal, but a silver medal 
was awarded to Mr. Irodemck TopUs for his paper 
bearing the motto '* Better Late Than Never ; '' and 
one to Mr. Joseph Lucas for his paper with the motto 
** Gutta cavat lapidem, non vi, sea SBepe cadendo." 
He then called on Mr. Toplis, Mr. Lucas, Mr. Goslin, 
Mr. Atchison, Professor Ansted, and Mr. Birkett, 
successively, to state the main points of their respective 



Mr. Lnoas said he had long ceased to advocate hori- 
zontal wells. He was not an engineer, and had not 
pretended to do more than offer very general suggestions, 
founded not on his own observations, but on the theories 
of others. The moment he began to use a tape-line 
levd, ho assured himself beyond doubt that horizontal 
wells would not bo at all desirable. 

The Chairman then invited discussion on the various 
essays which had been contributed. 

Xr. John Bvaas, F.B.8., felt that this subject was 
one of great importance to the country generally, and 
especially to those places where, at the present moment, 
the water supply was insufficient in quantity, or impure 
in quality. No doubt many of the suggestions made 
in these papers would add materially to the practical 
means of ciurying out an efficient water supply through- 
out the kingdom. There could be no doubt that there 
should be some division into districts, and that there must 
be over the principal districts a certain number of Com- 
missioners, or persons in authority, who would act in 
accordance with the Local Gh)venimcnt Board. It 



* Tbew> EmtLjM are printed at pp. 1-71. Kr. Birkett subae- 
qotntly witlidrow hia Zttmj. 



appeared to him that the Board must be the oea^ 
auuiority under which all these minor bodies most te 
placed, but what he wished mote partienlariy to poiot 
out was this, that as the law at present stood, tho* 
were many difficulties in earrying ont any sobens d 
this kind generally throngheut the kingdosn. In the 
first place, there was the em^nsons east vhich wooU 
be entfldled on any Government vhich undertook 
to lend a sufficient amount of money for cazryiag 
out the water supply for the wnole coimtiT. 
That raised a second question, how far it wojM be 
desirable to sujpersede existing water authorities br 
purchasing their works. It aid appear to him th^ 
there were three distinct dasses ol plaees reqniriBi: 
water supply : first of all, the large tofwna, in mosl a 
which an mcisnt supply existed, either the propertj 
of the corporations, or in the hands of priTate ooBiiisnwi; 
secondly, there were the smaller towns, in a great 
number ol whioh private oompanies bad started, «bo 
were supplying the inhabitants at a moderate amount 
of cost ; they had found the capital, and it appealed to 
him in most cases it would be needless for that capita! 
to be taken over by parishes, and thus add to tk 
amount of money necessary to be borrowed for pnipoie 
of this kind ; thirdly, there were thoee snoall coostn 
villages, where the population was sparse, and where 
in many cases the water supply was not wanted «> 
much generally, as in particumr instances. In order U* 
obtain a water supply in a country district lying »t 
some distance from any gathering ground or gv^i 
souroe of supply, tho amount of capital neoessaiy to lir 
out in works amounted to so large a sum, that any nt*' 
on a district supplied fell almost too heavily upon it 
There wore always a certain number of houses in whi^^^ 
there was a sufficient supply, and the owners objcct«dt» 
being taxed for the benent of their neighbours. The pnc* 
dple hitherto adopted by the Local Government 6<«rd 
was, that where the water supply was required for tU 
central portion of a parish, the rates should extend «mT 
the whole pariah, laud being taxed at the rate of oh'- 
fourth the amoimt of house property. That had on tb<> 
face of it a certain amount of f aimoss, but pncticAllr it 
was not fair in a great number of oases. Where tlwrr 
were in a parish various centres of population, sootf <^ 
which were already amply suppliea with water, U w 
very hard that they should be taxed for the sopp^J <^ 
one-third or one-fourth of tho population which w»« ia 
want of it. Again, the incidence of taxaticoi was by d > 
means fair. Ho knew a case in his own neighbcvurfaoffl, 
where a scheme was proposed. Among the ratepsTrr* 
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was the occupier of a water-mill, who was rated at £400 
a year, and the rate upon him would be the same as if he 
occupied a mansion at JB400 a year, and required a large 
amount of water ; but practically he did not want a 
drop, and he said so long as the principle of taxation 
is so thoroughly unfair, he should object to any scheme 
of the kind beiuK carried out. He wished rather to 
point out the difficulties which existed, than to argue 
the general question, and this was a feature of consider- 
able importance. It seemed to him that the area of 
taxation need not extend over a whole parish, but 
might be limited, either for water supply or sewage 
purposes. That area should, in the first instance, 
be taxed, and if the rates for sanitary purposes 
exceeded a certain amount, the residue should f au on 
the remainder of the pariah. He could not but think 
that some such scheme as that would be beneficial in 
many respects, and would remove one of the difficulties 
that stood in the way of obtaining a water supply. 
But there was another around on which opposition was 
raised, and that was the utter want of equity which 
seemed to prevail in the mind of tbose who organised 
water schemes. He need only refer to the great scheme 
brought forward by the Metropolitan Boarei, which to 
his mind showed a complete want of apMeoiation of the 
ordinary principles of moral equity. Tliey applied not 
only to purchase the property of existing water com- 
panies, but were also going to lay out an enormous 
8irai in procuring the supply in duplicate. From 
whence ? From the chalk diatricts around London, the 
water of which was already appropriated ; but they were 
not prepared to make any compensation to the owners 
of the rights in the water which they were about to 
remove; so that, practically, it came to this, that they 
claimed the right to sink a well in porous soil by the 
Bide of a river, to lay the river dry, and to pay no 
compensation whatever for the abstraction of the water. 
If schemes so utterly wanting in ordinary equity were 
brought forward, we could not be surprised at a great 
deal of opposition being raised. It appeared to him 
that existing rights, whether in rivers or springs, or 
any water which arose from perennial springs, must be 
oonsidered, or else an amount of opposition would be 
raised which was quite unnecessary. If the schepses 
brought forward were founded on equitable principles, 
Qo one in these ohalk districts could possibly object to 
the use of the water for the supply of the inhabitants of 
the ne^hbourhood, for it mattered not whether it was 
taken direct from the river or from a series of weUs, but 
iirectly it was proposed that this water should be taken 
and carried away to a distance, and sold at a profit to 
somebody else without any compensation being given, 
everyone's feelings were aroused against the injustice, 
ind opposition was created. 

Professor Bamsay, P.B.8., befaig called upon, said he 
ame quite unprepared to speak, although ho had given 
J great deal of attention to the subject, particulany to 
Irainage areas, the qualities of the waters of different 
nvere, and also to the question of these large under- 
?T0UDd supplies of water which could, in many places, bo 
obtained without touching the river waters at all. Mr. 
Evans had broached a number of matters of detail which 
30 one could come to any conclusion about now, except 
IS to the abstract principles of justice he had mentioned, 
md which would necessarily have to be borne in mind 

*^y GP*'^ scheme were carried out for the supply of 
Rater. Then all the different drainage areas of England 
nust of necessity be taken into account and treated 
«'ith in some equitable manner. He knew the various 
iramage areas of England well, and some 20 years ago 
lad constructed a map showing those areas in relation 
o the geological formations of each. He had no doubt 
nat if ever a large comprehensive scheme were formu- 
ated, and after having been well thought out, were 
•rought into action or recommended, England must in 
he main be divided into given areas of drainage more or 
^'89 coimected with the varioas towns and villa/res Iving 



within those areas. Any geological map would shoi^that 
in the South of England, east of Devonshire, and over 
almost all the half of England, up to J>urham and 
K'orthumberland, the formations were calcareous to a 
great extent, and the result of that was that nearly all 
the rivers that ran into the German Ocean and English 
Channel east of Devonshire were more or less hard in 
quality; but it did not necessarily follow that the 
water was essentially bad. If it were possible to get 
soft water into those areas, it would be desirable, but if 
it were impossible to do so at a moderate expense, then 
the people who lived in them must do the best they 
could with the water they had. One gentleman had 
alluded to the soft waters of the Cumbrian district, and 
he was perfectly correct. The rocks there are partly 
slates and grits, but a very large part consist of feld- 
spathic traps and volcanic ashes, the water which came 
out of which in springs was always of a soft, pure 
quality. He also said that the watere of Wales 
were, as a rule, hard, but he begged leave to differ 
from him in that respect. He did not think there was 
anyone in the British Isles better acquainted with Wales 
than himself, for there was not a mountain he had not 
been on, and either personally surveyed or superintended 
its survey. It nearly all consisted of siluxian slates and 
igneous rocks, and all the rivers which flowed eastward 
were soft in quality. Here and there tiiere were fan- 
purities resulting from mines, but not to any very great 
extent. In one place in Cardig^anshire, the waters had 
been rendered impure by the crushing of lead ore, and 
the refuse ran into the rivers to such an extent that 
the fish were poisoned, but these were rivers which all 
flowed to the west into Cardigan Bay, and would not be 
wanted for the supply of water anywhere to the east of 
the great water-shed of North "Wfdes, which ran nortb 
and south no great distance from Cardigan Bay. 'Hie 
water that ran out of the old red sandstone was some- 
what harder, but that all drained into the Severn or its 
estuary, and the same was the case with the water from 
the coal measures. If any large supply of water were 
wanted from Wales to supply London, or any other towns 
to the east, an ample supply could be obtained from 
those deposite, soft and agreeable in quality. There 
was anotner grave point with regard to wells that might 
be sunk into underground supplies of water, thougn it 
would be useless to go into that matter thoroughly un- 
less he had two or three hours to do it in, and geological 
maps. He would simply say this, that there were great 
areas in England where vast quantities of water could 
be obtained u tapped judiciously. He saw before him 
Mr. Bright, late mayor of Leamington, who had had a 
deal of experience on that point, a Well having been 
sunk there by Mr. Ramsay's advice in the keuper 
sandstone, and now the townsliip was supplied with 
four times as much water as was reqnired. He was also 
connected with the supplying of Brighton with water. 
They stopped sinking three times, but he indsted on 
their going on until they pierced Uie lower greensand. 
They went on, and it was very fortunate the men were 
all at dinner, when a thin stratum of gault having been 
left above the grreensand, the water suddenly burst up 
and filled the well, and would have dro-wned them au 
had they been there. These supplies could not be 
obtained everywhere, but in many places they oouldf and 
were of very great importance. 

Mr. 0. J. Bymons, F.B.8., said there could be no doubt 
of the desirability of adopting some general scheme in- 
stead of the present scramble, in which it was simply 
a question which was the richest town and the most 
rcokless, because the most bold and ambitious went to 
Parliament with a great scheme, having made up their 
minds to get water from somewhere or other. If they 
found there was any opposition in the district, they 
simply bought it off, and then they were like Man- 
chester in possession of Thirlmere, whether or not it 
was a wise thing for the water to be appropriated to 
that particular town. Parliament had np vlvwor on the 
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mbjeot, but siinply took the evidenoe brought before 
it in the Committee>room, and if that were all on one 
aide, the BUI was forthwith ^Miaaed. So it happened 
this year. The local opposition to the Thirlmere 
soheme had been bought on, and the question whether 
it was wise for one of the great natioiud supplies to be 
appropriated ahnost ezclusively to one town, instead 
of some broad, general, comprehensive scheme being 
adopted for the benefit of the whole of the North <n 
England, that being a pure piece of public policy, did 
not come before Parliament at all. The consequence 
was, the Committee found the eyidenoe all on one side, 
and Thirlmere, for all time to come, became the abso- 
lute property of Manchester. He could not think 
that that system was right; surely it would be an 
enoimous ben^t if there were seme Court of Bef erence, 
or some authority who should be independent of the 
personal interest either of Manchester, liverpool, or 
any other town, and should say whether it would be 
wise and right that the great stores which exist in two 
or Uiree comparatirdy small localities should be wholly 
devoted for all time to one town, because as soon as 
the water supply was given to one town it was their 
property for ever ; and if any intervening town wanted 
a supply in future from the Thirhnere district, Man- 
chester would expect to be paid very handsomely for its 
present investment. The meeting was probably aware 
that the great bulk of the rain fell m Gumbezland, 
Westmoreland, and NorUi Wales. He quite agreed 
with Professor Kamsay that, practically, there was no 
difference between the water of the two districts ; but 
that being the case, one ought to look at the fact that 
there were a large number 3t towns in which the popu- 
lations and growth were rapidly increasing, and, conse- 
quently, the consumption of water. The bulk of the 
water practically came from one district, although at 
Dartmoor and one or two other places there mignt be 
a certain amount ; but the bulk of the supply was all 
in one comer of the country. Now of these Cumber- 
land lakes tiiere were only three of any size, which 
were high enough to supply the greater proportion of 
the country without the extra cost of pumping, and if 
you had to lift the water, the expense would be verv 
much increased even at the present time, and much 
more so in the future when coal became scarcer. 
There were then only three lakes sufficiently elevated 
to supply water by gravitation, namely, Thirlmere, 
Ulleswater, and Haweswater. Thirlmere was already 
bespoken hj Manchester, and it was raetty well under- 
stood that Liverpool intended to get Haweswater. If 
they did, there would be less wat^ left for all the large 
manufacturing towns, of Yorkshire and all the remain- 
ing towns of £ancashire. If these two most important 
lakes were taken awav, there was a very small residue 
left behind. He could not think this was a state of 
aifairs which would be contemplated with satisfaction in 
50 or 100 yearstime. It was merely a qniestion of ex- 
pediency that some arrangement shoula be made by 
which the public aspect of this question should be put 
before Parliament separately from the private one of the 
particular towns which wanted the supply, or the land- 
owner who asked for compensation for the water taken. 
Tliere was one grand mffionlty in connection with 
this subject, and this was the verr lar^e amount of 
pecuniary interests already inv(dved. Mr. Evans was 
perfectly right when he said that it would be a most 
nightful undertaking for any Government to buy up 
all existing companies. No one knew how many 
millions of money that would take, and there was a 
great difficult in the way of the introduction of any 
soheme. As ue author of one of the papers remarked, 
it would be very easy to arranse for a water supply if 
they oould only begin de novo ; out the question was to 
get something whidi would work into existing arrange- 
ments without disturbing them more than necessary, 
^ut which would prevent in future any town snatching 
^wan advantage over the rest. Another thing which 



perhaps had done some mischief was the map in the 
report of the Bivers Pollution Commission showing the 
polluted rivers of England. It had frightened a good 
many people, and he must confess his own opinion 
' was, that it was one of the most exaggerated maps he 
had ever seen. If a partridge flew over a moor, you 
might say that a river nowing through that country was 
polluted to seme extent, and he was inclined to think 
that some of the pollutions indicated on the map would 
not be more serious than arose from the sheep-droppings 
on the hills. Another remark in the 6th Beport of the 
Commission was to the effect that rain-water was bad, 
that it had washed the air of all its impurities, and had 
done all sorts of things. He should not like to drink 
London rain-water ; but still rain-water generally Vas 
soft and pure, and he was sorry to see Uiis slur cast 
upon it. There was also a proposal made that this 
class of questions should be put unoer the Local Grovem- 
ment Board. He did not pretend to know mudi about 
it, but he believed that the Local Government Board 
already had a tremeudous amount of business under 
their onarge, and he was inclined to think that this was 
too large a question to be put in a seoondary position of 
that sort. At the last meetmg of the Social Saenoe Con- 

Sess, Dr. Ilichardson suggested the appointment of a 
inister of Health, and he could not help thinking that 
what they wanted was, the creation of new appoint- 
ments in the Cabinet from time to time, in acooraancc 
with the growing wants of civilisation, because they 
had Bimply the same officers now as they had 100 years 
ago. Tike French had a Minister of Public lustructiou, 
but they had none. This question of water supplT wa.i, 
to a great extent, connected with public health, sJthoag^ 
it was also a question of commerce, and he Uiooght it 
would be very well if it oould be j^j&ood under the care 
of a Minister of Public Health. What he principally 
desired to insist upon was, that something or other 
should be done to provide a central focus in which 
all the 'Statistics bearing on this question could be 
collected together. They had had Commissiaoem 
without end, who made reports in endless variety, but 
no one knew where to look for the information oouected, 
except it was to the valuable collection published by the 
Society of Arts, for which he felt greatly indebted to it. 
If iioB information were all collected, persons would be 
much better able to deal with this question of water 
supply than they were at present. He waa glad to 
find that this meeting was entitled an annnid Con- 
ference, and he hoped that the Society would keep at 
it till something ddOinite was done. 

Xr. Bright (Leamington) said he would nanatc the 
facts which had occurred in that town to prove that 
there was a very large underground water sapply, 
which might also exist in many other districta, and 
which might be a large factor in this question. He 
was rather alarmed when he heard one ox the prerioos 
speakers propose that the whole of this country should 
be divided into districts, which should be suppUcd at 
the general cost of the whole of the inhabitants, be- 
cause many had gone to a larse expenditure for the 
purpose of getting a water supply, and it would appear 
manifestly un j ust if they were to be taxed equallr with 
those who had done nothing at all. In Leamington 
they prided themselvee on being rather in advance of 
the public generally on most questions, but eapecially 
on the wat^ question. Like many other towns, tkey 
were suffering from the pollution of the nnall rivvr 
from which they used to obtain their supplr. Wlm 
he went to Leamington forty years ago, the Vrook was 
very pure, but modem civihsation had gradually pw* 
g^ressed up the whole of the water-ued, and the 
riparian proprietors higher up were adopting modern 
conveniences, and used the brook from inuch they sut 
their water supply to get rid of their sewage, Tt^ 
result was that things got gradually worse and w<me« 
until the absolute exutenoe of the town as a sanitary 
resort was in great danger. They were !ndeVt#d t^ 
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^rofesaor Bamsay for an entire ohange. With the 
Teatest poaaible kmdneas, that gentleman gaye him 
he infonnation he had collected in ibe Miuenm in 
ermyn-street, and which he was always leadj to g^ve 

any one in want of it, and, acting on that, in spite 

1 the most persistent opposition from ignorant people, 
bey bored tor a short distance into the earth in the 
lew red sandstone, and found a perfect river of nnder- 
joimd water. Owing to the people having to be 
ducated gradually, they had been some six or seren 
ears abont it ; but during the whole of that time, 
apported by the advice and assistance of Professor 
lamsay, they had gone on until, three months ago, 
hey opened the waterworks to the public with tiie 
oUowing results: — ^They found the water at about 
00 feet ; they bored another 100 feet by an artesian 
ore, but from that they did not get much. The 
irgest supply was got within 110 feet from the sur- 
aoe. For the town of Leamington they required half 

million gallons per day, allowing 25 gallons per head; 
ut they found they could pump two and a-half million 
lillonB without ever getting the well within 16 feet 
f the bottom ; in fact, in endeavouring to get to .Uie 
ottom for the purpose of ascertaining that everything 
ras properly done by the divers, they had been pump- 
ag more than three million gallons, but they had not 
Qcoeeded in reaching the bottom, the fact being that 
he more they pumped the more water they got. Hie 
taaon of this was that the fissures in the rook got 
leaned out, and the water came in with greater 
apidity. No doubt there were many other districts 
qnally well situated if they only Imew it, and he 
honid recommend any one who thought they had 
rater beneath them to obtain the advice of Professor 
iamsay upon it. 

Cspt. Bonglaa Galton, C.B., F.B.8., said he had read all 
he papers sent in very oiuefnlly, and the suggestions made 
vere certainly of very hiffh value. He regretted they 
uid not been more fully auuded to ; indeed, many of the 
pcaketB did not seem to have made any allusion to them. 
W gentleman recommended that the rivers themselves 
hould be taken as the boundaries of districts, with which 
le certaiDly did not agree, but there were other points 
•f merit in the paper worthy of attention. The whole 
[ucfltioii, however, seemed to him now to have come to a 
ocus, and eveivone concurred in admitting that England 
hould be divided into districts of some sort for the pur- 
>08e of regulating the water supply. There might be 
lifferences of opimon as to howtnose districts should be 
o&0titated. There was also a general consensus of 
pinion on another point, namely, that the information 
^hich existed shotdd, as far as possible, be brought to a 
^>^' It was quito dear that a very large portion of 
he information rested in the hands of the Qeologieal 
lorvey Department, and probably there was no one who 
uul a greater knowledge of the geological questions 
effecting the water supply in this country tnan the 
(resent Director-Gtoenil of the Survey, Professor 
^*pMay. There were other departments which were 
'ttictly concerned with this matter, but now they were 
^ scattered about. The Local (Government Board 
<^eined to be the legitimato focus for this infonnation, 
md whether the Minister of Health were to be 
appointed or not, at all events that Board must be the 
wmowork on which the Ministry of Health would be 
lung. It seemed to him that the most sensible thing to 
!j>, an a preliminary step, would be to place the Director- 
^eni of the Geological Survey, the Director of the 
-'wnance Survey, the Registrar-General's Department, 
"*^ » department for recording the rainfall, in official 
^jation with the Local Government Board, so that, at 
'U eyents, all the Government departmento which had 
formation bearing upon this question, and upon quee- 
3on« reUtin^ to the health of tie community, might all 
>e brought mto immediate communication under one 
^^''^^r, who could thus easily organise a machinery 
or collecting and diffusing information upon questions 



relating to water supply. The Ordnance Survey 
was originally devised as a military department, for the 
making of a military mapof the country, but as soon as 
that was completed, the War-office, not liking to bear 
the cost of it, tried to ^t rid of it ; and, the only de- 
partment they ootdd thmk of transferring it to was the 
Office of Works, which is now, of all others, the one least 
suited for the purpose, seeing it has nothing to do with 
anything outside London, except perhaps tne building 
of a few post-offices, and there is no one in that de- 
partment who has any special knowledge of a matter 
uke the Ordnance Survey. It would have been, therefore, 
far better to have transferred it to the Local Govern- 
ment Board. Although the Local Government Board 
was BO much found fa^t with, he believed it was the 
department which must eventually have charge of all 
these matters. Parliament was at x>reeent concerned with 
a Bill for the river conservancy, and as Mr. Atchison 
had remarked, river conservancy and water supply 
must go hand in hand. Whether the water was got 
directly by pumping from underground, or percolated 
by the overnow of those underground waters into the 
rivers, it all came from the rainfall, and, except in cases 
where large aggregations of population exist, as, for 
instance, London and Manchester, and where, therefore, 
the requirement might exceed the available local supply, 
districto should be so arranged as to be self-contained 
in regard to the control (n their water supply and 
drainage ; each district must consider for itself wliat are 
ito own wants, and arrange for their supply. 

The Chairman suggested that the Conference should 
now go into the general question of supply of water in 
connection with the health of districts, and he would 
ask gentlemen who had written papers on the subject 
to state the substance of them. 

Xr. A. E. Brown, X.P., having steted the substance 
of his paper on '* The Liddence of Rating for Sanitary 
Purposes in Bural Districte." (See p. 72.) ' 

Xr. J. Svani said that he had not seen Mr. Brown's 
paper previously to making the remarks he had offered 
that morning, or he should not have gone over much the 
same ground, for which he must apologise. At the 
same time he must express his satisfaction that a 
gentleman who had given so much attention to this 
important question had so far agreed with him. 

Xr. Edwin Chadwiek, C.B., expressed his concurrence 
with the idea expressed by Captain Galton, that the 
various administrative departinente in any wav con- 
nected with this subject ought to be brought under one 
head. The further jon went the more vou found the 
necessil^ of centralising authority and centralising 
knowledge in this diiec^on, and such knowledge as 
was brought forward on that occasion would be of 
immense value to the country. The great obstacle to 
reform in this matter had been touched upon by Mr. 
Evans, viz., the question of the purchase of various 
interests, and one important function of any general 
Board, bBsides centrafising knowledge and authority, 
would be to adjudicate between rival intereste as to 
questions of compensation. That was now going on to 
some extent under the Local Gk>vemment Board. The 
tendency in very large places was to place water supplies 
under public authority, to put them on a footing in 
which payment should not be made for a trading profit, 
but for a service rendered. Before that could be 
brought about no doubt companies and private enter- 
prise were very serviceable, and he himself had pro- 
moted private companies for water supply. The liocal 
Government Board had been adjudicatmg on questions 
of compensation between owners and towns, and it had 
been, on the whole, he believed, done in a manner satis- 
factory to both parties, and was generally carried on 
voluntarily. It was a great misfortune that the prin- 
ciple had not vet been brought to bear, as it ought to be, 
in the case of the metropolis. The obstacle there was 
the question of purchase, which wns 4o be settled by 
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Mme sort of ulntratioii or jadioial intanrentioii, and 
that ought to have been done a long* time ago. Hie 
truth waa, the Heiropolitaa Board of Works seeing 
nothing done by the QoTenunent, thought it only 
tight on its part to make an effort to do it, and 
although it had not been snooessful in getting a 
good plan, he thought himself it was very imfair to 
snrdiarge the individual members of that Board heavily 
for an effort which was very good in itself, although it 
might have failed. One ground for putting this water 
flup^y on a public footing was, that it might be earned 
out iir better and oheaper than it oould possibly be by 
a oompany. Oampanies oould not have oontrol over 
interior works, and the means of carrying the water 
away ; bat both ought to be under one authority, and 
that should be a public one. It was lamentable that 
whilst that was tne general tendency, and the results 
generally were satutaotory, the mettx>polis should 
lemain an exception. It had been referrea to Dr. Farr 
and himself to examine as to the terms of pnmhase, 
and they found the amount of waste firom separate 
works would be equivalent to a rate of 6d. in the £, and 
that if the companies were bought up now at the rate 
they claimed far themaelvvs of 10 per cent., it wouM 
not amount to more than a rate of one-tlurd ; whereas 
by tiie stream of deciricns of the Local Oovetnment 
Bearcb throughout the country, it would not amount, if 
•4jvdioated upon on the same principle, to mofe tfa«n 
one-sixth of the waste now going on. ▲ oentral 
Board could only act on the Local Qovanunent au- 
thority, but there was a great want of scientific know- 
ledge in the localities, and he himself had contended 
for putting not only the roads, but the water supply of 
a county, under a county engineer, as had been done in 
Ireland with great advantage. 

Xr. W. H. Wheeler then stated the subcftanoe of his 
paper, on **The Water Suppij of Rural Districts.'^ 
(Sec p. 78.) 

Mx. C. V. €reifwell asked permitwion to make a few re- 
marks on the i)aper of JUfr. ft^own, whi^ seemed to him 
to be of peculiar signiticanco at the present moment, and 
he should not like it to pass without oi^ussion. It would 
bo a matter for great regprct if a paper, which was the 
result of so muoh thought, oxporicnco, and well directed 
energy, were to bo diAmisscd an if it were the crude ex- 
pression of an tmhiforRied opinion. He was so *far 
disposed to agree with fir. Brown, that he could hardly 
raise a discussion J^P<^ his paper; nevertheless, he 
would vtart a dimonlty, ¥dr the sole purpose of 
enabling otiiers to hang, as it were, one peg on 
another, and l^us debate the onestion which, in Ida 
humMe oj^nion, Hr. Brown bad not exaggerated 
when he said it lay at the very root of that sanitsoy 
p i o gras a which they came there to discuss and pro- 
mote. When Mr. Brown told them it was useless 
to come there and speculate on theories or disouss 
methods unless thev removed the obfltaolo which lay at 
the foundation of ail progressive legislation, he struck a 
chord which ought to vibrate through the mind of 
cvoiy intelligent sanftaiy reformer. Tliat great 
obstacle was simply this, — ^you oould only effect samtaty 
improvement by means and money, by a taxation of 
the people, and miless you had a system of taxation 
basea on equity and justice, all political and social 
action in tbis country became impossible, by reason of 
the prejudice which yon created, and unless you could 
remove that moral obstacle yon might as wdl try to 
remove mountains bv mere faith. Mr. Brown told them 
that his experience snowed that the inequitable Incidence 
of taxation, particularly in rural districts, had for years 
past prevented that progress which all enthusiasts twenty 
years ago hoped tohave seen. * * Why, ' ' said one gentle- 
man, ** should I pay for the benefit of people liv^g far 
away from me without benefiting myseu in the slightest 
degree Y I have already provided my house and those 
dependent on mf with everything necessary for their 
*'ealth and happiness. I have erected my own private 



gas works and water works, and in the middle of ny 
paric I have oonstructed anenormousoeaspool whiohdnm 
thehouses and stableaof those who live in my immsHiste- 
vicinity. Why then should you make me pay for 
the benefit of a town which lieaamila anda-half awaj - 
It shows either that there is injustioe at the bottom of ^ 
transaction, or that there is some oziajinal defect whieb 
needs r o dr e aa in the airangement of the sanitary anstu 
whiehlbefong." Kow,thePreddentoftiieCQnfemitt, 
whose abeenoe they all depUned so mnoh, had a^w tad 
again called attention to the abeolnfte neoessBty of • 
restrranranent of sanitary areas; and he would mgnw 
to Mr. Brown, vriio was well able in the Legidatinv to 
make his vxnos heard, that that questkm alao ky at the 
root of the matter, and that, if the saaitaiy areas vcr 
altered and rearranged with some degree of kgioil 
sequenoe, one of the diifienlties to whteh ne had alluded 
wmild vanish. In many oaaea, thece wem in om 
sanitary area two or three villages or hamlehi, oam ti atA 
under one rural sanitary anthority withoat theiligktail 
thyme or reaoon, but by mere local or geogrifUeal 
accident. Br altering that yon would, to a ftntt 
extent, remesf the evil, becanae yon wooM mski it 
impossible that one portion of the sbatriet sbonld be 
made to pay for the exoUaive banefii of aaotler. 
Again, it was said that it waa nnjost that ^ s|i;ncal- 
tnral intersst should be taxed for a benefit whidi thtj 
never oould receive. He would anhnit to Mr. fitovi 
that, in the Public Health Aot. aed in the taadsoerirf 
rating est^ilished by Paitiament, the interests of •ieo* 
oeltare had been already oonaidared,lhf> land nelypiyisr 
one-fourth, beoause it wea thooght tbat the gnat 
oause of expense in these sanitary dietriota was tke »• 
moval of sewage from dwellings ; that it was the h ca ia i 
which, to a great extenct, caused the miaofaiaf , and tbi 
on them should lie the expense of rennoviqg it; tal 
therefore, that on the land the taxation shoiud be oolj 
one-fourth. Now, with regard to water rating, thm 
oould not be the s%htest doubt that the priaoiple advo- 
cated by Mr. Brown was logically ooneot^ naaDsly, this 
those who drank should pay ; but when yen came ^ 
drainage, you were met with thia difficulty at tk 
threshuld>-How far oould you say that any pmm ia * 
district or parish was left unbenefitcd 1^ the impfvvr- 
mentof drainage in the district h It would necewtatr 
a department of health, and a total alteratioB is tk> 
sjrstein of rating, besides special eemmianons pso)«Ur 
to do sanitorily^ what had frequently to le dm 
politically in ascertaining the boundaries of seUtimi 
boroughs. It would be found neoossary, if thw ifo* 
posed readjustment were brought tomatari^. to daasibi 
topographioally, by parochial nana, evecy nouae, isd 
the amount of ocmtnbntion whion each should psv; 
whether 100, or only 26 per oent. Ilien it nui« « 
recollected that although possibly in a particalarwhib 
or district tiie houses in the actual village profited aitft 
directly by any work <kf sanitation than thoae at a gicsM 
distanne, neverthalssa, the object of sewage remoral «» 
in almost all oasss to prevent the poUntianof riveiK «» 
that those who might not be in any way oootribatm 
to the pollution were stUl benefited by the expeoditaitt 
whioh made the zrvar that flowed durough their ovBdi*- 

triot pure above and below. Therefore, to Uy do«i> « 



proposition that the^ were not all within a consin am 
equally intenated in the work done, opeoed ih» doic 
to a gxeat diifioulty as to how far it was posnUe ttca- 
rately to state, and, to decide the exaot proport]^ 
between those who had to pay the whole, and tu^* « (»• 
claimed to pay less. He snbmitted these difiniltk» 
simply for the sake of raising an argnmsnt, became v 
thought Mr. Brown had oon&rred an obligati<a oo w 
meeting, and at any rate^ that the paper Aam v 
discussed. 

Dr. Mpe said theh»estion of tutiag «« <^^ 
extreme difficulty; the money q u es tinn ^••J]*^ 
bottom of it, beoause yon could not expect !«■"*• 
benefactors to the public, to adtance money vakm wj 
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x)u]d see s reMonable vetnm far it. It would be timply 
mpoemble to ezpeoi a email Tillage, where there weze ^w 
louaes, but with large building cf^wbilitiefl, to defray the 
loit of waterworka. It you kid the whole of the costa 
)n those who first oooupied the houaes, what would you 
lo with thoae who occupied the houses afterwards buflt 
in the same area, and partaking of the same advantage, 
i^aa it proDoaed that they who came afterwards diould 
)ay a smaller sum than those who were there fint and 
.asisted in the davelopment of the water system P The 
ame thing applied to drainage. Therefore, in order to 
irovide the means for supplying water, it seemed to him 
hat the ratea must, at any rate, be chargeable, and if 
hey were ohaigeable, then came the que^ion how that 
ras eventually to be defrayed. This seemed to be one 
i the great difBonlties in carrying out Mr. Brown's 
iToposal. The plan seemed equitable, and was equitable 
f it could be carried out, but hedid not see how it could 
« done. He wiahed to speak, however, rather on the 
[uestion of walla r#rnw rain-water, which was one of 
erj great hnportaaoe. All medical officers of health 
nd analysts who had had any experienoe knew that 
rell-water waa the moat un cer t ain supply of all, unleea 
he wdl waa oonstraoted with iron pipeeor some imper- 
oeable tube, oanied down below the first impermeable 
orf ace, the water must of necessity become contaminated 
rith surftioe drainage. The capability of the soil taking 
ot sll nozions msttsn from the water waa limited, if it 
me water-logsed then the ehaage could not go on, or 
nly to a tindted eocisot. Tke oxygen contained in the 
atendces of a parooa soil not water*logged, acted on 
'i^iuuc matter, and converted it Into nitmtes and 
litrites, whidi wen practically innoonooa, Mid in *^^ 
rsy you might get, for a kngth of time, well-water 
ampaiatively pare, but after a time, in consequence 
f eontinued rain, it got aurohargedf tiie rain would 
«UTy with it a la^ quantity of surface matter, 
kod the well suddenly became impure, and if 
yphaid excreta had been thrown on Ute mil» that found 
ti way into th« well, when diaease occurred and spread, 
t wu not canned to those who immediately partook 
f the water but spread everywhere, and in that way 
iphtheria, typhoia, aoariatina, and other diseaaea w«re 
iffosed. The water in which scarlatina pat^ts had 
raahed might be a frmtfnl source of diseaae in this way. 
•^ also got contaminated from mixture with water, 
«d this so-called milk was, he believed, a cause of 
rphmd epideniioB ; he did not beUeve they arose from 
he milk of a cow who was affected with the disease. 
^oir, it was a very serious thing indeed for it to go forth 
the public that well-water waa a good and sufficient 
apply, unless the wells were made in such a way as to 
"* off an surface wafer. "With regard to rain-water, 
on knew the limit to which it could be charged with 
["^Q aattars, beeanse the amdysea made by I>r. 
\sp»B Smith of rain-water in Liverpool, Maoeheeter, 
lid London, showed the extreme linnts to which such 
niter could be injured ; and how any one coiUd suppose 
06 matters bnm|^t down with rain, which comd be 
utered off very easily, could be likely to be more in- 
unoQsor obiecticnable than surface water ibding ita 
J* J into wells, waa astonishing. He felt stiongW on 
tus natter, and did not like suoh a thing to go forth 
lachaUenged. 



quite simple, because you only had to make the con- 
sumers pay for the water. 

Xr. Chadwiok said there were tables prepared by 
the Local (Government Board for the distriDution of 
charges over any number of years up to 60, showing 
how the diafcribution of charge could be settled equitably. 

Br. WUioii wiahed to confirm what had been said by 
Mr. Wheeler. A few years ago he was medical officer 
of a district near where Mr. Wheeler resided. He 
had analysed the water from a large number of sur- 
ffuse wells, and he could only say he was never sattafied 
with the condition of any one of them. Then there 
came a question where the poor people of the !Fen 
country oould get their water supply from, because 
I there were odIt these wells, next the navigable rivers, 
into which all the sewage of the district went, and, 
thirdly, the iminfall. Inaomeof those districts, during 
the dry aommer months, yon found people paying 2d. 
for two gaUona cf water, which was a very serious Sung 
for a poorman with a family; and, therefore, for Uie sake 
of both health and economy, it became a queation how 
thia diffloulty was to be met. After seeing Mr. 
Wheeler*B VWt on the available area of every house to 
provide suffloient water bv the rainfall, the difficulty 
seemed almost to have vatnahed. He had analysed tihe 
rainfall under different conditions, and, after passing 
it through what might be called a very rough filter, ha 
found it waa much purer than any other ; and, in fact, 
it waa a gpod^ wholasome water, which he coidd recom- 
mend. He further tested ita uae it in his own house, 
the simply for which previously was so bad, that I^- 
fessor wanklyn's report of it waa that it was a not 



,.?'• ^ H. Brown, M.P., said he knew there were many 
utticQities in connection with his scheme, but he should 
r J!?. "»«ver Mr. Cresswell on two points. The first 
j»>jection, with regard to sanitary areas, would be found 
wauwith in his paper. Again, the hist speaker had 
«««i How it was possible to carry out the scheme he 
y^^' He had stated shortly how he thought it 
^ma be done, and the principle waa already contained 
!I J?i . ^ Parliament, one clause of which was 
?fi \^ P*P«'- He believed it only wanted a 
r tL°S^ worldng to settle what would be the area 
Denefit for drainage. With regard to water, it was 



very dilute sewage. Hia medical experience of that 
dismct would no aoubt be borne out by othere, that not 
only Were there many organic impurities, but a large 
amount of mineral matter in subsoil wdls which caused 
a great deal of disease. After a time, he was fortunate 
enough to convince some landlords and farmerM, and 
induce them to make this change for tihemselves, and he 
was happy to say that the practice was spreading. 
It was a very necessary matter to discuss tne larger 
question of how England was to be supplied with good 
water, but when you came to look at these districts in the 
eastern counties, which were verv far from that line of 
water supposed to be brought nom €be lakes, it was 
another question, because the least possible expendi- 
ture necessary for bringing them within the range of 
that water supply would be so flrreat, that it would for 
ever shut them out from any such benefit. Ther must, 
therefore, look to the rainfall collected from the houses, 
and |ei1so, as he had sug^gested, that from the (lurches, 
chapels, and schoolB, might be made available to store 
water during the winter, which would to a large extent 
supply, dumig the summer, any deficiency from the 
impenect arrangement of houses. At a very small ex- 
pense, each cottoger might provide a rough fflter, which 
would render the rain-water far superior to that usually 
obtained in the Fen land districts. 

The Conference ihea adjourned for luncheon. 

Onre-aasembling, Xr. SttotlUd, M.P., took the chair. 

Dr. Teld said it sbruck him, when Mr. Brown was read- 
ing his paper, that the Act of Parliament he had recently 
mtrodncea into the Houfie of Commons was based on 
that paper, or that the paper was based on the Act. It 
waa called the Public Health Improvement Act, and 
was a small Bill. They all knew that Mr. Brown waa 
verj^ happ^ in passing small Bills through PftrUament, 
but in considering the rating question, the latter portion 
of the Bill waa well worth the consideration of all 
urban sanitary authoritiee. He quite asreed that in 
rural districts some injustice might be done in rating 
properties which were a long distance from the village, 
ana making them bear the biuden of the water supply and 
drainage of the village, but inreference to urban sanitary 
districts it did not appear so imjust. In that Bill Mr. 
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Brown had aprovislon that for such purposes, in urban 
districts, a separate sewage rate should be made,but one 
consequence of that would be to give immense difficulty 
and trouble. Then there was another thing which was 
pointed out by Mr. Gresswell. It was a grare question 
whether in lirge districts, urban sanitary districts par- 
ticularly, although a gentleman's mansion might be 
some little distance from the outskirts of the borough, 
and although he might not make much use of the 
drainage area of the districts, still in the matter of health 
he must be much benefited by the works carried out by 
iAie local sanitary authority. He therefore hoped that 
gentlemen representing urban districts would examine 
3ie Bill, and bring it before their local authorities. 

Xr. Bhute wished to say a word or two on the subject 
of reservoirs. Mr. Wheeler had spoken of theimportuice 
of collecting rain-water for nouses, and the same 
principle might be carried further, as it had been done 
to a certain extent in the north hj making reservoirs, 
probably because they had better sites for so doing than 
in the south. These reservoirs had a treble advantage, 
that they not only supplied pure rain-water to towns 
and villages, but preventea floods b^ storage, and 
were also useful as souroes of power, being largely used 
for that pnrxKMe in the North of England. They could 
be usefuUy supplied in many rivers by making a dam 
below the weirs, without damming back the water in 
any way. Of course, to get a supply of pure water in 
that way, you must have a deep dam, because a shallow 
pool would soon get foul. In some places there mi^ht 
be difficulties in getting land, but with collective action 
they 'would not be insurmountable. He thought it 
would be of groat importance to London to make reser- 
voirs in the ^Diames valley. 

Xr. W. E. Cutler, C.X., wished to say a few words on 
the question of rating — ^more especially with regard to 
watOT rating — before it was passed over, as this was a 
subject of very general interest, and one which it 
appMoed was very little understood. ' Only a few days 
aso a large and influential deputation waited on the 
Home Secretary to bring bef oro him the question of the 
charges of the London water companies, and objected 
that the water rates were increased from time to time, 
but they did not seem to have understood how these rates 
wero levied. When those rates wero iirst arranged, it 
was doubtless taken into consideration that a fair hasis 
should be the value of house property, and in the Water- 
works Clauses Act, and in various private Acts passed 
from time to time, the water rate was almost invariably 
baaed on the value of the premises supplied. He knew 
the case of ahonseBtandinff on Castle-hill, Windsor, which, 
in the reign of Edward 111., was worth 13s. a year, but 
was now wwth £160. It would be absurd to say that 
the house was now to be supplied with water at a rate 
of 5 per cent, on the annual value of 13s., by which the 
water cooipaDy would be very inadequately repaid for the 
supply. The water rate was based on the value of the 
premises supplied, because it was about as fair a way 
to get at the value of it as could be devised. The 
deputation before Mr. Cross the other day complained 
that the water rate was increased 60 or 100 per cent, 
for the same quantity of water, but then that quantity 
of water had gone up in value. It should also be taken 
into consideration that the water rate was not raised 
exactly at the time when money had depreciated in 
value, and altiiough based on the gross value of the 
premises, that was almost invariably got at by the 
rateable value. The way the rates wero levied YGry 
much depended on how the works wero first constructed. 
If the works which conferred a benefit on a certain 
district wero constructed by a sanitaxr authoritv, the 
neoe«ary capital was borrowed, and had to be paid back 
in thirty years. It had been contended that it was 
only those who wero actually deriving the benefit who 
should pay the rate, but that would not be at all a fair 
way of looking at it. Suppose the cose of a sanitary 



authority supplying a town with water : in a oertiia 
street thero might be 12 houses on each nde; th# 
owner of one side might wish to have his houses loppbed 
with the water, but the man on the other side wooH not, 
saying he had already provided his houses with weEs. 
The man who had the water would pay the water nte 
at the beginning when the capital was being paid back; 
but at the end of the thirty years the man on the otha 
side might say that he found his wells had failed; h 
did not g^t so good a supply as he hoped for, and woold 
have his houses supplied from the water-works; bat 
the other man had slready paid for the water warb 
and this one would only now nave to pay for the vork* 
ing expenses and interest on the money, which irooli 
be exceedingly unfair. 

The Chairman asked what alternative Mr. Coiier 
would suggest ? 

Mr. Cutler said a compulsory rate. The money «v 
generallv borrowed on a compulsory rate, and he dU 
not think that boro a suiBoiently large proportion to ik 
non-compulsory rate. The way to arrive at it would hr 
to consider what part of the rate was devoted to pajiu 
back the capital. Thero was a great outcry now aboet 
constant supply, but that subject seemed to be gcnenilr 
beg^un at the wrong end, because the queetion was, m 
the water companies to have powers granted to tbemflf 
compelling people to put their fittings in a state to 
rooeive a constant supply. No doubt it would be i 
great saving to the London oomponiee if they oooH 
grant a constant supply, and if the flttings wero prqcrij 
constructed ; but if tliero were a oonstant sapg^j mw 
the whole district, there would be immwise pressuR is 
the lower parts, and the waste would be eoormoos. Er 
had taken a good deal of interest in this qnestian, ffi^ 
had imder hu control some works which had b(!e&ii 
operation since 1696. When he took them in band bv 
had to entirely reconstruot them, and he would nodfr* 
take to say that they wero now aa perfect as any in tip 
country. The water was supplied at a low rate m? 
easily, and the supply was enormous ; there was u 
immense amount of waste, but the water was easily oi 
cheaply supplied, and he should be happy to ihow ^ 
works to any g^tleman who would like to see then. i« 
any Thursday. The works were situate at Eton, ib^ 
supplied Windsor, Eton, and Glewer. TherewasaTrrr 
low fall, hardly ever exceeding three feet, hut that n 
sufficient to raise the vrater to the heig'ht reauind, t^ 
lower x>art being supplied by a French undeKwat va^- 
wheel. 

Mr. Ctaadwiek asked if Mr. Cutler waa speaking d • 
supply by a company or by a town ? 

Mr. Cutler said he was the proprietor of the wccb 
which had been in his family for more than a ceaUaj 

The Chairman said Mr. Cutler had been dealing «i'i 
two totally distinct questions, though they irttt ac^ 
times supposed to be associated, because of the va»"' 
tain use of the word ** rate." Tlie nte which jvn j»i 
to a local authority in common with all olOSet r>>* 
payers for a public object, whether you got a tattrrJ 
return for the individiul payment or not, was a tnui^ 
different thing from the rate or price you paid tn 
private company for an artide whi<di was suppb^ 
He did not suppose the Conference would care t»> ^^ 
up much time with the question of the London *ii^ 
companies, which was a very large subject, and '** 
likely to have the attention of the Legialatnn> at kr^ 
He did not think, whatever Mr. Cutler's view* nrx^' 
be (and thero was something to be said, no d^^^' 
from his side of the question) as to the juadcr of i 
creasing the charge for water as the value of si-'&'^ 
decrea^d, and the cost of obtaining it fnetrnted. tiJ 
the general argument would a^tiSEV London bcc^ 
holders, particularly those who paid large rmtKia- 
who wero charged upon their tent, or oo the acau 
value of their holding, which was put up at trtry r^^ 
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tion of the metropolio, and which implied a heavier 
charge, without consumiiig more water, and without, 
as far as he knew, any increased cost in the production 
of the water for their consumption. It did not seem 
to have been a sound barg^ain on the i>art of the public, 
but it was a difficult question to deal with, and no doubt 
would have to be dealt with by the Legislature. With 
reference to the question of paying for certain sanitary 
purposes in rural distriots, he agreed with Mr. Brown, 
lie nad shown, both here and in Parliament, that the 
absence of some greater elastic!^ in the statutory 
arrangements for the imposition of a charge for these 
sanitary improvements was a check on these improve- 
ments, and his paper opened with a category of in- 
stances in whicn real improvements, necessary ^ in 
rural districts, were prevented by these difficulties. 
He believed eveir one in that room was aware 
that these difficulties did occur. If you had to 
deal with an urban population, you cotdd deal 
with it en masse: but m dealing with an irregular, 
scattered, rural population, you wanted more 
elastic' machinery. No one could doubt that the fair 
thing was that the consumer should pay for the articles 
produced for his use, but he oould not pay in this case 
uke a man who went into the market and bought a 
thing which was always for sale. A certain amount of 
capital had to be invested in the creation of water- 
works, which had to be paid off in a certain number of 
years, and to pay current expenses. The argument of 
]^. Cutler was this, if he followed him aright, that the 
cost of construction ought not to fall entirely on those 
who, at the outset required the use of these water- works 
for tlieir own purposes, and that was true, but without 
any alteration in the law, that state of things already 
existed. It would take 30 years to pay off the interest 
and principal expended in the consfcruction of works, 
and durinfi^ the whole of that period, every occupier 
who came m to use the water, contributed not only to 
the actual cost, but to the repayment of the principal 
and interest. If it were said tnat that might be so, but 
at the end of 30 years, the whole cost was paid off, and 
then those persons who originally had wells of their own, 
might come in and enjoy the use of those water- works 
withoat paying anything towards their construction, the 
practical answer was tiiis, in all human probability 
long before that further extension would have become 
necessary. After all, these things were progressive. 
If the population increased, you had to add to the 
capital outlay, and in that way, those who did not con- 
triDute at first, did so at some later time. He had no 
objection to the statement of the principle, but he did 
not think it was an objection to Mr. Brown's scheme ; 
it was a point to be borne in mind in the construction 
of dauses, so as to secure that no injustice, even in that 
unlikely case, should be committed. 

Hr. Teld asked if the same principle would apply to 
tke drainage areas referred to by Mr. Brown F 

The Chairman said, in his opinion, sanitary statutes 
required some further elasticity. He was responsible 
for the original conception of special drainage districts 
vrlien he passed the Xocal Government Act, but that 
method haa its disadvantages, because as soon as you 
constructed a special drainage area it became a rating 
9xea for all purposes, and the multiplication of smaU 
r&ting areas was^an objection. Then the Act was not 
sixfBciently elastic. In his opinion it was sufficiently so 
^% the time in its principle, that you must not throw 
tli.e cost of work, which was to benefit the small area, 
on the whole sanitary area. He wanted to introduce 
tJxe principle, and he did so in the clause enacting the 
e-stablishment of these special drainage districts ; and 
bte did not carry it farther at the time, for a leason which 
bo had explained before, and which had to do with 
;Jme method by which you were compelled to work in 
fjrsuning Acts ot Farliaxnent. You had to frame them 
»«> aa to pass, and yon could not exhaust the whole of 



the subject logically. Practically speakinflr, you wanted 
to gain certain ground ; you thought the time had come 
for exhausting a certain branch of the que^on, and 
you did so: or that the time had come for making 
another step further in principle, and you did that. 
You knew you had sown seed which would spring up 
and bring forth fruit some time, in the shape of an 
Amendment Act. That was not necessarily an evidence 
of incapacity or want of foresight in those who framed 
Acts of Parliament ; sometimes it was an evidence that 
they knew their business. He was the author of the 
clause, and as its parent he was perfectly willing to 
admit its imperfections, and to say that Mr. Brown had 
drawn public attention to an imperfection which he, 
for one, was quite willing to see remedied. 

The Chairman then invited discussion on the three 
geological papers of Mr. Be Banoe, Mr. Lucas, and 
Professor Piestwich. 

Mr. Luoai stated the substance of his paper, ** Water- 
shed Lines: Subterranean Water-ridges.'^ (See p. 91.) 

Mr. Chadwiek said, in talking of water-sheds, they 
were talking of something visible and palpable, the 
water-shed referring to the whole surface, from the hill 
top to the valley bottom. As to any other water-sheds, 
such as had been referred to, that was another thing, 
and ought to receive another name, because it dealt 
with something invisible and unknown, and a water- 
shed in that sense might carry one across the Channel. 

Mr. Bhelford, C.E., 7.0.8. , said he was a worker 
in the field described .by Mr. Lucas, but quite 
independentiy. Last year, the Metropolitan £oard 
of Works having brought in a Bill for the pur- 
pose of suppling water to London from the chalk, 
it fell to nis lot to investigate for them the 
chalk district to the south and south-east of London, 
and he desired to bear his testimony to the value of Mr. 
Lucas's map in that investigation. It was conducted 
by gauging the springs and streams, by measuring the 
depths of water in a great number of wells, and by 
consulting the maps published by Mr. Lucas. The 
general result shown was that the bed of the chalk 
dipped towards the Thames, and the subterranean 
water had a tendency to fall also in that direc- 
tion. As Mr. Lucas's map showed, there was a 
S)at fault which threw up the chalk against the 
ndon day, and so stopped the flow of water in the 
neighbourhood of I>eptu>rd, where the Kent Water- 
works supply was drawn from, and, further to the west, 
there was a subterranean antinlinal, which also stopped 
the water, so that the general trend of the whole water 
which fell on the chalk to the south and south-east of 
London, was towards the north, and thence to the east, 
where it issued into the Thames at or about Gravesend. 
That fact was further proved by the sections of 
the River Thames, which showed a certain deepening 
of the river at that point, which could only be accounted 
for by the fact that there was a great burst of sub- 
terranean water into the river there. Whilst that was the 
underground condition of things, on the surface it was 
very different. The River Cray was entirely a chalk 
river, and the River Darent partiy so. There were also 
other springs, both permanent and temporary, called 
<* bournes," which flowed at different times ; and it was 
quite impossible for anyone, with only a geological 
map in hu hand, to find out what were the water con- 
ditions of the district. With the assistance, however, 
of such a survey as had been carried out with great spirit 
by Mr. Lucas, there was no doubt that the sm)terranean 
water conditions could be much better understood. 
He also wished to say a word in support of the sugges- 
tion made by Captain Oalton, that tiie different autiiori- 
ties who had information at their command should be 

Eut into communication with each other. He had 
ktely been to Italy, on an expedition connected with 
the hydraulics of a Kteat river there, and had aooeas 
to the Government Deputment, and had been much 
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pleased to find how elaborate the inf oxmation was which 
they poBseaaed. He had with him speoimenfl of the 
docomentfi and diagrams that were prepared bj the 
Italian GoTemment, which he should be glad to show 
anyone interested. They showed not omy the water 
line of the river, but the matter in suspension, the tem- 
perature of the water, and of the superinoumbent air, 
the rainfall, the flow of the rivers, and other matters. 
There was no comparison, however, between Italy and 
England; first, because the Italian rivers run into 
tiddess seas, and the English into tidal, which everyone 
acquainted with tidal engineering knew meant an 
enormous difference. Anouer thing was, that in Italy 
there were a large number of imlitary and other 
Gk>vemment officers who had little or nothing to do, 
and they had, therefore, better means of getting infor- 
mation with fadlitv than in England. He would 
venture to suggest that, as a first rtep, the information 
which was required should be formulated, and that 
some socisty, lue the Society of Arts, should put into 
shape what aetoally was required, so as to ask the 
Qovemment for something definite. Even if they 
were not successful in the demand, if the formula was 
a goodi one, it would be adtmted by a great many 
gradually, and would stand or fall upon its merits. 

The Ohairmaa next invited discnssian on questums 
oonneoted with the oonservanoy of rivers. 

Xr. Dillon read a portion of his paper **0n the Efifeots 
of Under and Arterial Drainage on Rivers and Floods." 
(See p. »7.) 

Xr. Lloyd said he had had the honour of giving 
evidence before the Parliamentary Committee, to the 
effect that the drainage works on the lands of the 
upper catchment basin contributed to inoiease floods. 
It might be a moot point whether under-drainage 
did or did not increase floods in a river, and it had 
been said that by imder-drainaffe yon got 3re6terday'8 
rain and to-day's rain. He did not himself feel con- 
fident on that point, but he was confident that snrftuie 
drainage on the upper port of the oatohment basin was 
certain to contribute to the increase of floods. He oould 
point to open mountain sides where, for centuries past, 
there never had been any gutters or cuts made, 
but where, within his own memory, there had beoi 
open gutters cut down those momitains on purpose to 
dry them. It was dearly manifest to any one that, if 
you provided gutters as water-courses along sides of 
mountains, the tendency must be to vastly inorease the 
flood within those rivers. He did not believe that the 
measure propoeed by the Government would be the 
mipopidar one some thought ; but, whether it was or 
not, ne believed it was a just one. 

Xr. Bawlinson, C.B., wished to explain some evi- 
dence he gave before the committee on river floods, 
which he found had been misunderstood by a great 
many. He stated then broadly, and he now rriterated 
the statement, namely, that orainage and oultivation 
had nothing to do with inoreasing the excessive 
floods whi<£ took pUoe in rivers; and he stated 
further, that no work of man that had been, w 
ever would be done, in the shape of drainage 
or cultivation, would in the slighteet degree aff^ 
excessive floods. The thiee elements upon which 
floods depended were entirely beyond the reach of 
human interlerenoe. There was the salt ocean to be 
evaporated, the heat of the sun to raiie the water, and 
the atmosphere to convey it awav, and to predpitato it. 
When man oould control or moaify any or all of these 
elements, he would have power to modify and control 
excessive floods, bec«uae it was of excessive floods 
that he wished to veak. There were floods and floods. 
He should be foolish to say that land drainage and 
cultivation, and arterial drainage did not let down 
ordinary water-falls more readily than ther came off 
Taml without dnunjge, but those waters did not cause 
>vo floods. T&y went away, when the rivw was 



in moderate flow, peaceably and quietly. A flood was 
caused in this way. When you had rain on rain, 
that is water on water, and then, whether yon had 
a surface which had been drained 4ft. or 6ft., and miuie 
into the character of a sponge, or the same area as 
it was before it was drained, in the character of a 
swamp, when the rain had been continuous, week after 
week, and the subsoil was saturated np to the sur- 
face, and heavy rain continued to faU on that area, 
whether it was rocky or sandy, or a drained subsoil, 
it made no difference, as in sudi excess you got seven- 
eighte coming down to the river, causing an exoesfsive 
flood, as such conditions caused it 10,000 years ago : 
and if the country remained geographically as it wa», 
would cause such area to be flooded 10,000 years henoe. 
There was no fresh water on the surface of the globe, or 
within the earth* s crust, which had not been carried 
there by the atmosphere. Kany persons had, howeTir. 
a sort of idea that there must be an underground 
manufactory of water, and they seemed to think that 
you had only to sink a well deep enough and yr»« 
would get water. Thousands of pounds had bm 
so wasted in fruitless attempto to get water whrrp it 
did not exist, because there was no more a general 
distribution of water in the stratification bdow the 
crust of the earth than there was on the surface ; and, if 
he might use a comparison, the subsoil water of th* 
earth might very justly be compared with the surf SfO* 
water; it lay in what may be termed lakes, river*, 
ponds, and pools ; and as upon the surface the dry am 
IS very much in excess of the wet area, so in the wX • 
strata of the earth's crust, the dry or waterless arvsM 
are very much in exoess of water-beaiinsr area*. 
Again, there was not one square mUe of the earSi*s cnut 
which had not been fissureo, having water-tight faolta . 
if it were not so, mining would be almost imposoiblr. 
The earth's crust is in all places fissured by faiut«, oar 
portion of the stratification being lifted above the othpr . 
it is also interleaved with impervious strata. Tlien* 
are, of course, water-bearing strata, and because ]roa irrt 
water by sinlong in one place to a certain depth, it did 
not follow that you would get it a mile away. Tlien. 
with regard to toe depth at which water was f ovnd, it 
was supposed even by some intelligent people that you bad 
only to go deep enongh and you woiud get more wattr. 
But what was experience P Take the deep coal mxe^ 
which had been sunk in the north of Enf land. Hmti 
were mines from 1,800 to 2,400 feet. 'Aey seocnSr 
commenced in the magnesian limestone, and to l&e «xti«t 
of 600 feet you might have overwhelming voltunes A 
water, which cost great sums of money to tub oust, bbt 
after gettingdown to 900 or 1,000 feet you wei« free frum 
water. The iQ>per portion of the shafts were what «a» 
called '* tubbedf,'' that is to say, lined with oast iron pUtn 
to keep out the water, but when yon got down, say 1 .0^' 
feet, you had to tap the casing to carry water down, t^ 
water the toads, oiu keep the niaee in worloB^ order. In 
going through the oolttoe ana moantain )ammttbam^ waa 
often met with hot ^uings, and there you neocosazilT had 
an underground subetratrum of water, not neceseanlv ia 
large volumes, but going down in syphon-Uke fianro. 
probablv 6, 000 or 6,000 feet. Those flfinngaalmoat alw»T • 
oocurred in limestone districto. Soibub phalosophAv 
asserted that volcanic action was doe to the eouMon Jt 
the ocean into the volcanic region, but he did not bdirTv 
it. He did not believe that, excepting aootdcntallT. 
where a volcano might spring out of the depth •'I 
the ooean, and the surface might come in oontart 
with the sea, or where it might be immedjatrfy ou ti* 
edge of the sea, and might rupture the eoith; a crws. 
that the two were at aU connected ; as the deep-erofiri 
action of a volcano was beyond the reach of say 
water from the surface of the earth. WHh regard i> 
river conservanoias, it was venr inmoitaat that th«r 
anas ahould be defined, and that toe voltaaa of woiir I 
falling and flowiitf off should be asositained, but thrt« 
weie things which muat be known beyond tbeae. To 
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'ua^e a river, and to ascertain the area, did not always 
ive all you required to know, whether you would be 
[if c or not in adopting the area for water aupply, if 
lioae facta had only been collected oyer a brief period. It 
rould take a century before you could get all the reliable 
lots that such an area would give you. The rain gnage 
lig^htalBobeexoeaaivelydBlnaivetotheengineer. Water 
'tLs collected in a rain guagc, which was a vitreous sub- 
^noe supnosed to store aU that fell upon it, but in the 
alley of the Thames, for instance, wnere the average 
^as 30 inches, he found this law to prevail, and not 
alv here, but wherever he had studied the rain guage 
ibiea. Take the average over a series of years, and 
dd one-third, it would give you the maximum, and 
•you deducted one-third it would give vou the 
Lrnimum, and the dry period over the flooded or wet 
eriod would be al>ouc as one to two. But that 
•ttiiiiate might also be most fallacious, because it 
epended how the rain f eU. He had known on Uie east 
Dast twenty months continuously, when no water 
^uld be collected from that surface into a reservoir 
lade to receive it, and in the ' height of summer in 
outh WalM, if 2} inches, which was a veijr heavy fall, 
anie down in a week you would have nothing ftaxa the 
uthering ground there. It might go on for the 
atirc summer, a heavy fall for a week, and then two 
r three weeks of dry. weather ; and, therefore, the 
linimum fall would be reduced again to an item you 
lad not at all anticipated. 

Mr. Chadwifik aaked Hr. Rawlinson how many in* 
kanoes there were in his experience, of success in deep 
oringa to something like a thousand feet, for supplying 
rater to towns P 

• 

Mr. BawIiniOB said he knew very few. There was 
he Orenelle well, near Puis, which went down about 
,800 feet, and brought water up at a temperature of 
bout 81**. In aU these instances, where you went to 
, great depth in the earth's crust, the water which 
Utered from the surface, and got down there, came in 
ontact with all the minerals between the surface and 
he bed in which it lay, and brought some of the salts 
f thoee minerals with it to the surface. Yon might 
ink a thousand feet, and get water absolutely worth- 
N«, aa at Rugby, for iniSance, where they sank a 
hoiisand feet and got none; they borrowed £6,000 
lore to go further, went 1,200 feet, and got brine. 

Mr. HoBWrtham said he knew encxmons areas of 
ind covered with day, having a subsoil of chalk, where 
rhat weie called "dumb wells, " had been sunk 
hmuff'h the day into the chalk, and the drainage of the 
lad had been carried into these ** dumb weUs,'* and 
ran all absorbed by the chalk beneath. That was still 
arried on to a large extent in some diatriots, and he 
«d found three generations of men who had been 
ngaged in this occupation. In that case, no doubt the 
ffect of drainage was not to increase floods, because 
one ef this water would be delivered into the river ; 
. yvent into the chalk at an elevation varying from 500 

> 600 feet above the aea ; it went down mto and along 
le great body of the chalk through fissures until it was 
ischarged into the ocean by subterranean drainage. In 
iiif case, surface drainage, instead of having tended 

> make floods in the river, had rather toided to 
iminiwh them. There were other localities where 
rains would increase the flood, because the surface 
rater would reach the rivers more quickly. With 
9giird to the point mentioned by Mr. Rawlinson, that 
on did not get water bdow a certain depth, that all 
epended on the strata you were sinking m. He was 
Id enough to remember when there was a great contest 
t Liverpool, whether the town should be supplied from 
le red sandstone or from surface water. Alter a great 
eal of contention, it was made to apnear that it was 
ot possible to get water from the roa sandstone to a 
reater amount than one million gallons a day from only 
oe well ; but, not more than two or three years after 



that, three million gallons from one well only was got 
without any difficulty, and at the present time some 
enterprising contractors in Liverpool had sunk a well 
to a aepth of something like 1,400 feet or 1,600 feet, 
and had got an enormous supply. At present he could 
not state the exact amount, oecause uie engines and 
pumps were not got to work. 

Mr. Chadwiok asked what waa the quality P 

Mr. Komeraham said very good ; not more than 14 
grains of soUd matter per gaUon. Much of the water 
in the red sandstone was of very ffood quality, and if it 
ware rather hard, it could be softened by Qark's pro* 
cess, and delivered far superior to anything we had in 
London. Around Londrai there were something like 
4,000 square miles of chalk not covered by clay, where 
all the rain was absorbed as it fell. He could show them 
100 square miles of country in one patch where every 
drop of rain was absorbed as fast as it fell, and 
never appeared at the surface. It was in circum- 
stances uke these, where you had a large area of 
absorbing country, that you succeeded in getting 
enormous volumes of subterranean water, and when 
you did get it, it waa worth all the trouble and ex- 
pense, because as a rule it was wholesome; neither 
hot in summer nor cold in winter, and did not freeze in 
Uie pines. With regard to surface water, whether it was 
from Loch Katrine or from rivers, you always found it 
contaminated with a large amount of living org^io 
matter. No doubt it was sometimes soft, and contained 
very little mineral matter in solution, but against that 
must be put the fact that the bottoms of lakes were 
covered with mud, and all kinds of organic impurities 
which were taken in solution, the effect being to nourish 
animalculfB in the water, and the consequence was that 
although you had it soft, it was not nearly as wholesome 
as that ODtained in the chalk. Ixnmon Was very 
' admirably situated in this respect, and there was not 
the slightest difficult in supplying the whole of London 
with water from subterranean sources. Twenty-five 
years ago, he sunk a wdl and made wprks to supply 
Charlton and Woolwich; it was then said that you 
would have water for a short time, and then it would 
cease, but at the present time, in these the only districts 
near London where there had been oompetiaon in the 
supply of water for the last 60 years, the Kent Water 
Ocmipany derive all their supply from chalk wells. Ten 
million gallons were suupliea, induding Greenwich and 
Blackheath, and a muon larger quantity could be got 
without difficulty. 

Mr. Bawlinsoa said he was quite sure that Mr. 
Homersham did not mean to say that all the rain falling 
on the surface was absorbed, whether on the chalk 
or anywhere else. The rainfall in the Thames valley 
had been accuratdy gauged, as also in the valley of the 
Lea, and taking the average rainfall of one at 27 inchesi 
and the other at 26 inches, the volume that flowed out 
of the Thames did not exceed six inches. One-third of 
it might go in flood, and one-third in perennial springs, 
but 20 inches absolutdy passed back into the atmos- 
phere, re-evaporated, and never appeared in any 
shape. Again, with regard to the chalk absoKbing 
wells, which Mr. Homersham had mentioned, no doul^ 
that action was taking place artifidally as it had been 
from time immemorial naturally. There were large sand 
and gravd pockets or pipes in all chalk formations, 
filled with gravd, Uke inverted sugar cones, the origin 
of which was this. The rain-water had fiUlen on the 
surface, and pure water being a powerful solvent of 
lime, it oombmed with the lime, dissolved it and 
filtered down, and was carried away in springs. That 
went on, and the gravel followed it down, and so you 
had these inverted cone and pipe deposits in the chalk in 
some instances to great depuis, simply shewing the 
sdveot action of the water on the lime. 

Mr. HtearaluuB, in explanation, wished to say that 
he oettainly did not m««n that all the water which fell 
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was absorbed, because a oertain portion went to support 
vegetation, but none ran off tne surface; although 
the Thames onlj gave six inches out of 26 inches which 
fell on the surface, a vexy large proportion, nearly two- 
thirds of it was absorbea. It did not evaporate away 
into the atmosphere as Mr. Rawlinson asserted, for it was 
by means of artesian wells sunk into the chalk in proper 
situations that you might get at this water so absorbed. 

Xr. Baldwin Latham said he believed he was the 
only person who had made any series of experiments on 
the actual amount of water yielded by the chalk forma- 
tion. ^ He could not now give the exact results, but his 
guaging , which had been carried on daily during the 
last four years, on areas in the chalk formation exceed- 
ing 90 square miles, showed conclusively that what Mr. 
Rawlinson had stated was an absolute fact — that the 
amount of water yielded by the chalk formation depended 
not BO much upon the total amount of rain which fell 
annually, but on the amount of rain which fell at 
particular periods of the year. Since the 7th of 
March this year, the wells throughout the whole i 
of the water-shed of the Wandle and the HogamiUs ! 
rivers had absolutely been declining, although we j 
had had a oertain amount of rain in the interval. 
It was impossible for any amount of rain which would 
fall between now and next November to alter the con- 
dition of those wells, which would be one of continual 
fall.^ Mr. Lucas* paper, and the diagram that he had 
exhibited, showed conclusively the value of these 
hydro-gfeological observations. It was quite impossible 
to know whether water was goin^ to be good or 
abundant in quantity, imless you nad this class of 
survey undertaken. If a man put a well on the top of 
a hill, with the water flowing both ways from him, he 
was exactly in the same position as one who was 
collecting water at the ridge of his house rather than 
at the eaves; yet such things had been done. Not 
many miles from London, a waterworks had been estab- 
lished on the very top of the North Downs, and what 
had been the result ? The company had been in such 
difficulties, that they had never been able, except by 
borrowing water from other people in the neighbour- 
hood, to supply their district. Tne quality of water was 
of equal importance to its volume, and it was quite clear 
that if you nad a town population living in a particular 
drainage area which had to supply the wells, you might 
tell what the result of the use of that water supply 
would be on the health of the population using it. 
He knew a town very well whicm drew its water 
supply out of the chalk, and there was a population of 
something like 40,000 persons living in the drainage 
area, which did not much exceed 20 square miles. 
That town was never free from typhoid fever ; but the 
fever never came except at particular periods, when 
you got a minimum period of flow. It was a farce to 
suppose that the springs were flowing with uniform 
quantity throughout the year. As a general rule, the 
springs in the chalk were at their highest in the early 
part of the year, although sometimes they were 
as late as May or June ; but, as a rule, they were 
always lowest about November. 1^ difference 
between the maximum quantity flowing off, and the 
quantity of minimum period, was very g^at. As a 
rule, when a large quantity of water was given to 
the springs, a large q[uantity flowed awa^; so that 
at the minimum periods the difference m different 
years was not so great. There was likely to be a 
greater scarcity of water in the chalk at the end of this 
year than at any time during the last four years, simply 
irom the distribution of the rainfall. One of the most 
remarkable cLrcumstanoee with regard to the rainfall, 
and the ^eld of springs was this. If tliere was a good 
rainfall mthe month of December, the springs wore sure 
to be high afterwards ; but if you had a uiort supply 
in that month, it fixed the character of tiie spnngs 
during the ensuing year. With regaj^ to water from 
the red sandstone, he onderstood that t£eCotporationof 



Liverpool had abandoned the deep well for {nocoiiajr 
additional water supply, because the deep boring, vun-A 
to a depth of 1,300 feet, was shown to yield no man 
water than the shallow borings, and they declined t3 
go tQ any further expense. 

Mr. Eomarthamsaid that this was a misapprehenoos. 

Mr. Latham said if he were wrong, he might be rtf • 
rected, but that was the impression he got when V 
visited the works. If it could be shown tbit tht> 
wells did yield such alarge quantity of water, it moR ^'^ 
rememberod that the sewers of Liverpool were madf ia 
the same rock from which they took tneir water supply 
and he had heard that in order to make the sewen ir 
cheap as possible, it used to be the fashion, as deacribKi' 
in the ' ' Iransaotions of the Civil Enxineers,* * to hev ujt 
a tunnel in the rook, and put an arch over it to prprvjt 
the materials above falling in. Was it suprising, \h^'^. 
that there was no town in England whicn oould f mt* 
pare with Liverpool with regotrd to its fever or rhoLir. 
rate, when it drew a l^rge portion of its water »uiii{«.< 
under such conditions. He quite agreed with iv(T. 
word said by Dr. Tripe in the morning, on the qur- 
tion of drawing water from wells being so exoeediu^.' 
dangerous. He said you must make the upper pditimt*'- 
vious, but experience had now shown uiat if the vlm 
of the materials were of a porous character, or a porj^- 
geological character, no works could be carried bj 
which would shut out the water. That was hhovn V. 
a case which was well known to Mr. Evans, in wfa> 
his partner brought an action against the Qrand Jtor- 
tion Canal. It was further shown at Croydon, wbc? 
they lined the wells with iron cylinders, and jii ^ 
pumping of the weUs affected the aewers. Whet tb 
ground was perfectly porous from top to bottom, «^ 
oould not be shut out of a well. Surface water coui: 
only be shut out when there was an impervious Ant* 
overlying the water-bearing strata. In the ^nenhrr 
of cases that was not so. Moreover, water itsetf w 
always on the move, and it might oome from a p«- 
taminated source, and then it was neoessaiy to tii 
where the water came from. It was quite posahk t 
know which way the water was moving, so that tk. 
could get both the quantity and the quality, whicb .t 
was so desirable every town should have. 

Kr. O. J. SymoDf having stated the substance of t^* 
paper written br Mr. John Smyth, said be niM ' 
make one remark on Mr. Rawlinson's statemeot, t^' 
the quantity of water to be obtained at different df^ 
would decrease in proportion to the depth you went dt-«z 
It BO happened that he was a member of the CoBinittr 
of the British Association charged with detennininc ^ 
rate of uicrease of temperature underground, sad tbi 
committee were about to make an experiment ts < 
of the deepest coal mines (2,445 feet decp^ aU»^ 
to as being so extremely dry. Evenrtiung ^*' 
in the proper train. The engineer had agmd t(» b* " 
the experiments, and they were going to bun* <^ *'- 
from uxe bottom of the pit, but unKirtanatelT v 
neighbouring mine, in the same stratum, at * drr^^ 
of 1,700 to 1,800 feet, there was such an irropti'i'' 
water, that the engineer of the mine in which thrr ^^ 
going to experiment took fright, and declined to tUi^ * 
single foot to be bored. Had Mr. Bawlinson not kft i 
room, he should have asked him to gi?e the vxm 
details of the case to which he had mcired, vbrf** 
reservoir had been made, and during twenty m«ath^ » I 
water flowed into it, because he would bke t> I- * 
where it was, and when it waa. 

The Chairman said Mr. Brown had Wi a rp«<^'' " 
which he desired to be put to the meeting, y^*'^ '* 
as foUows : — ** The incidence of rating for tanitAr^ }^ 
poses in rural districts should be recooa(len<(l. ^* 
for sanitary purposes, including water suvpl.r. f^ ' 
as far as practioable, be made to fall on tnii^ «" '-' 
benefited by the imioovements.'^ The wardi, »* ^ 
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as practicable/* he had inaerted, because it appeared to 
him that without those words the resolution was too 
binding and absolute,, but with those words it seemed 
to indicate a want of elasticity in the present arrange- 
ments, which might be remedied. He would more 
that resolution. 

Xr. Creitwell seconded the resolution. 

Mr. Lloyd asked if that applied to all sanitary 
measures, for instance, to the prevention of floods in 
river valleys? The Legislature had laid down that 
lands not affected should pay because they contributed 
to the harm done. 

Dr. Tripe asked, in carrying out the Nuisances Re- 

moy&l Act, who would be the persons benefited; 

those where the nuisance was removed from, or other 
perHons? 

The Chaimuui said, as far as he knew Mr. Brown's 
views, he did not think they went beyond sewage and 
water supply. 

ICr. Cresiwell thought the objection was very well 
timed, because the resolution might imply even the 
removal of nuisances; but the words, ''in rural dis- 
tricts, '* were intended to confine the alteration, in the 
incidence of ratine, to rural sanitary districts for sani- 
tary purposes, sudh as water supply and the disposal of 
Ncwage. 

The Chaimuui suggested the following words should 
be substituted : " The incidence of rating for sanitary 
purposes in rural districts should be reconsidered. The 
rates for such sanitary purposes as water supply and 
MwagB, should, as far as practicable, be made to fall on 
those who benefited by the improvement." 

Xr. Aleock said he was not prepared to accept a 
resolution of that kind, which was an abstract resolu- 
tion, and which might mean a great deal or nothing 
Ht all, according as it might be carried out in detail. 
If any alteration were to be made in the way 
Nugffested 'by the Bill of Mr. Brown, he thought it 
would be fotmd almost impracticable on the part of 
roral sanitary authorities to carry out any improve- 
ment, so far as the sewerage and m*ainage os their dis- 
tricts was oonceraed. Mr. Brown had put into clauses 
what he proposed, and those who had seen his Bill miffht 
assume that they were pretty well acquainted withliis 
views of the question. He was sorry he was not able 
to be present when Mr. Brown spoke in the morning ; 
but, as he understood his Bill, it was proposed that, m 
case of a sanitary authority carrying out works of 
sewerage, thev must levy a separate rate for the sewer, 
and that applied not only to rural, but also to urban 
districts, the rate being confined to houses exclusively, 
and assessable on those only within a certain distance of 
the drain or sewer. The words the Chainnan proposed 
to insert, " so far as practicable,*' would over-ride the 
whole, for he thoughtthe clause was simply impracticable. 
It was difficult to say within what area or what district 
the sewer did really confer a benefit. He should main- 
tain that a sewer benefited the entire district, even 
although a particular householder might think proper to 
carry out his system of drainage on some prinmple of his 
own, and dechne to make use of the sewer. Mr. Brown 
proposed that he shotdd only contribute provided he was 
within a certain number of feet of the sewer, but there 
might be one of the houses within that distance, and 
another just without; the one within might happen 
not to use the sewer, and the one without might happen 
to use it ; yet Mr. Brown would make the one within, 
who did not use, contribute, and the one without, who 
uiied the sewer, escape, which clearly would be unfair. 
All thoee who might use the sewer were the persons 
directly benefited. But the whole district was inaireotly 
benefited, and ought to oontribate; and unless the 
meeting were pr^ared to lay down a role which 
would have a great tendency to prevent Banitazy 



measures being carried ont, it would hesitate before 
it agreed to any such resolution. The direction 
of public opinion, as he imderstood it, was rather to 
extend the area of rating, and certainly not to limit it 
in such a way as was now proposed, and, therefore, he 
hoped the meeting would not assent to the resolution. 

Mr. Latham, having had considerable experience in 
dealing with rural sanitary authorities, was of opinion 
that if a resolution of this diuracter were passed, such as 
would ultimately have the effect of altering the incidence 
of rating, so that it should be entirely confined to 
dusters of small houses which might require drainage 
and water supply ; all sanitary improvements in rund 
districts would be at an end. It was quite impossible 
for these small dusters of houses, inhabited, as a rule, 
by a dass of workmen who were paid the very lowest 
wages, to pay the cost of such improvements, either 
through the owners or by the men themselves. Then came 
the question how came the men to congregate in these 
dusters and village ? Simply because ue agriculturists 
did not house them on their own farms. If they were 
all kept upon the soil which they tilled there would be 
no aggregation in these villa^^, and nothing like the 
diffioiuties, in a sanitary pomt of view, which now 
occurred. Men had often to walk three or four miles to 
their work, and the village was sometimes in the same 
parish and sometimes not. If the village alone had to 
bear the expense of sanitary work, the great agricul- 
tural district which reaped the benefit of the labour of 
these men, who lived in tnese unsanitary vUlages, would 
go soot free, whilst the men would still further oegenerate 
and get in a worse state. Seeing that the land only 
contributed one-fourth of the cost, which appeared 
to him to be a very fair arrangement, and which, if 
anything, ought to be increased, and looking at the 
great benefit it was to the agriculturist to keep his 
own men in health, just the same as it was to keep his 
horses or stock in health, he ought to contribute to the 
cost of these sanitarv works. He was well acquainted 
with the number of tne districts where this agricultural 
element was always cropping out. It was the interest 
of the fanners, as a rule, to prevent works beinff carried 
out, in order to save their own pockets, and almost 
universally the agricultural element was averse to the 
expenditure of money in villages for sanitary purposes, 
and, consequentiy, very littie of such work was done. It 
was very often in these villages that fever broke out, 
and was oarried into the towns in the milk and other 
produce, and, tiierefore, they should be extremely care- 
ful before they passed a resolution of this kind. 

Mr. Wheeler having had something to do with rural 
districts, considered tlutt sewering the district was a direct 
benefit to the whole parish, because if you had typhus or 
other similar diseases, it meant an increase of me poor 
rate, the payment of which must fall on the whde of the 
parish. Where a number of cottages were crowded 
together, the ordinary plan was that all the drainage 
should run into an open ditch, and every inhabita^nt 
of the parish who passed through the village suffered 
from the stink; therefore, the sewering of the 
village was, in this respect also, a direct benefit to 
the whole of the parish, and the expense should be 
borne by it. Still some distinction might be made. If 
he remembered rightiy, in the case of Birmingham, 
an attempt was made to charge the cost of sewering 
in some wav according to the benefit received, and every 
house which drained into a sewer had a water closet that 
paid a spedal rate beyond the ordinary amount. There 
might be one general rate for construction, and an 
additional rate for those who had water-dosets. A 
distinction should be drawn between water supply and 
sewerage. A general syslem of sewerage was abso- 
lutdy necessaiT, but water supply could be provided in 
nural districts by each house separately from the others 
by collecting the rainfall, as he had endeavoured to 
show in the paper he had contributed. 
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Th% ChurmAB aaid there was a great deal in the 
tezDarks made by the last three speakers with which he 
entirel;^ agreed, but he had a case in his mind which 
it requlrea some modification of the law to meet. For 
instance, suppose there was a speculative builder run- 
nine up a lot of houses in a particular place where he 
could not get a water supply, and could not drain them 
for himself, the local authority ought either to have the 
power of forbidding the houses being inhabited, or to 
meet the builder by bringing the sewage-works or water 
supply sufficiently near, and the man who erected those 
houses was bound to make some fair contribution towards 
the expense. He did not thick the whole pariah was 
bound to bring water, and take means to provide sewer- 
age, for anyone who chose to build a row of houses in 
the most unlikely place for houses to be built. 

Xr. Chadwiok said it was sometimes very convenient 
to levy a very heavy charge, but to relieve the owners 
and occupiers by spreading it over a wide area, or over 
a period of years, and this was practicable in a village 
as well as in a town. For example, you might have 
dndnage of cottages costing £5 eac^, and when you 
came to distribute the charge, instead of le^cyix^? tJie 
rate within two or three years, if you spread it over a 
longer period, the rate wmdd not come to more than dd. 
or 4d. per week. There was no doubt that system was 
applicaole, and tables were devised for the purpose by 
the Home Government Board. That, in his view, would 
meet the difficulty of adapting the charge to the benefit 
received. 

Xr. Sldred said there might be difficulties with re- 
spect to the drainage of a district being included in 
one local authoritv. Suppose there were three local 
authorities, and tne one at the outlet of the drainage 
had done nothing, the centre one had carried out a 
scheme passed by tke Local Government Board, and 
expendea t^lArge sum of money on it. They would 
have means sufficient for their own tnxyperty, but by 
carrying out a system of sewage for tne whole district, 
they would not have enough, and would have to be re- 
oonstruoted at a considerable expense. He did not 
think it would be fair in that case to levy the additional 
rate over the whole district. 

Dr. Trip* thought there was a great difficulty in 
uniting together m one resolution two things entirely 
incompatiUe. Drainage was for carrying off water, 
but water supply was for the bringing ol water to tiie 
houses. Sewers undoubtedly benefit not merely tiie place 
where they are laid, but the whole district, directly or 
indirectly. The water supply benefits chiefly the parties 
supplied, and scarcely at all those who do not have the 
use of it. On sanitary grounds it would be exceedingly 
dangerous to say that only the persons who were imme- 
diately benefited should pay, as it would prevent people 
drainmg into the sewer, and induce them to have cess- 
txwls wherever they could, and thus injure the neiffh- 
Dourhood, and diminish the general healtn of the district. 
It was said they would not be allowed to use cesspools, 
but in order to bring persons within the provisions 
of the Act, the houses must be within a certain dis- 
tance. There were plenty of people now outside the 
distance who would oe only too glad to ffo to the ex- 
pense of forming a coimection with the £uin if they 
nad to pay the rate, but if they wore outside the dis- 
tance, and would therefore escape the rate, they would 
have cesspools domed over at the top, and open at 
the bottom, carried into the gravel or other subsoil, 
which would be their sewer. If a resolution were 
passed something in this form he shotild not object to 
it. *' That the water-rate should not fall upon tlie 
parties which inhabit the district pro rata^ but that 
those who use should pay; and that the expenses 
originally incurred for water works, or a certain propor- 
tion of tnem, should be in the form of a rate." If 
something of that sort were done, so that those who had 
the water paid for it, but a proportion wae levied by a 



rate^ it would form some induoemoit to water ocsa- 
pames, or to a sanitary authority to cazry out thi> 
improvement. 

Xr. Creaswell said it was very curious that the diffi- 
culties which had been so ably urged were raised by 
himself that morning. The on^ difference between li» 
statement of the case and that now heard, was tbst 
they were put more forcibly and fully. ^There coaid 
be no doubt that t^ese objections were sucIl, hariiijr 
reg^ard to the sources whence they came, as to denuml 
great consideration, and he was prepared to admit that 
any resolution coming from that Conf erenoe had ft 
weight which should make those who moy^ and seoos* 
ded it exceediuKly cautious before asking' other yeraoLs 
to accede to their views. The experieoiie ne had 
gained over many years in the practical working' <i 
sanitation had convinced him that they had <wrr- 
come all scientific obstacles; that enmieers, chemi«t> 
analysts, and geologists had sap^iied them with 
information, axid approved the meana vhaeby, if 
they had the opportunity, they oould remedy ^ 
evils which beset the people, but the dilBcnliy tbf-T 
now had to encounter was a moral difBoulty — to ovvr- 
come the inaction of the people, and induoe them to 
bear the expense of the improvement neoesBaiy fe 
their welfare. When so eminent an authority as Ur. 
Brown came forward with a well-considered papp; 
endeavouring to remove an obstacle, the force of vlurli 
seemed to be appreciated, he conferred on all sanitarr 
refoimero a great obligation, and he (the speaker) ^ 
ventured to bring the matter before the Gonlenaifle, 
so that it might be discaaaed. He could not help 
fihiTiking that they had somewhat miannderstood tk« 
object oil Mr. Brown's measure. He gathered frn 
the remarks made that there was no objeetion to tbf 
proposal, so far as regarded the inddenoe <rf the wiIkt 
rate, but as to the question of sewage disposal and 
sanitary work, it had been urged with great power tKit 
everybody, whatever his position might be in a pariplu 
whether a territorial magnate or a humble oottaco, 
was interested in the sanitary improvement of the ai^ 
trict, and in the purification of \he rivers. He admitied 
it, and he did not think there would be any reason fir 
exempting anyone from bearing a fair share of that bar* 
den. There was the limit in the Act of Paxiiameot, vi 
one-fourth for the agricultural rating, but there ▼err 
many other cases. The incidence of rating described va^ 
not the incidence on the individual only, out an a pbcc 
or part of a district. The Chairman had called attri- 
tion many times to a re-arrangement of sanitary azvaiw 
and if that measure had been carried, a great det] 
of work, which Xi". Brown was endeavouiin^ toachierr 
by this Bill, would have been aooomplished. What m 
wanted was not to lay down an anntxary law and m,j 
that within a certain distance of the sewen oegpk* 
should pay, and at another distance they shoola sot. 
but to give power to some local authoiify— ComitT 
Boards, for instance — to define the aroa within yA\A 
the benefits of every sanitary improyemsat w<3« 
received, and within which the contributions shouU 
be made to defray the expenses. He wanted to 
see such a state of things as this altered — in <Br 
comer of a parish there may be an indttstrious ^ 
prosperous community manuiaotaring a cooiidtfnUi^ 
amount of nuisance, in another part of a paiifh u 
outlying district contributing notmng whatever to tkl* 
nuisance, and yet called upon to cantribote towini» 
the ex^>eniie of removing it. Surely it was a mMitn 
of Justice that there should be a power, yesied by Art 
of Parliament, in some oentral authority, to iclisre that 
particular part of the parish of the buroeaof oontribiit' 
mg to the removal of^the eril, for wfaioh it was in na 
way responsible. In that respect Xx. BR>wn*s BiD 
would be found to be a great advantage. la niilj «• 
Xr. Aloook's obpenrationfi, he would oafl attrrB*^ ^ 
Xr. Brown's pajpejr; where lia ahowod t]haL wtthia s 
oertahi dlitaaoe» all veaidMti w«n ob^gvdia w tk 
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drains, and it waa in the power of the Looal Grovem- 
ment Board to compel them to do so. If a man was 
200 feet away he was not oompellable, and he very 
much doubted whether that ahomd not be extended to 
200 yards. But it met Mr. Aloook's objection to say 
that, according to Mr. Brown's Bill, those only would 
have to pay who were within the distance, and actually 
drained into the sewer to be eonstnioted. He thought 
there was a great deal in the argument as to the dixeot 
or indirect, benefit oonf erred on ereiybodT in the district 
by a work of sanitary reform, and he should be quite 
AgreetMe, if the ehairman agreed with him, to modify 
the terms of the resohitian in that lespeot. But Mr. 
Brown not being present, he had felt i# his duty to 
defend his proposition, and certainly thou^t, with 
negard to the water nvte, that some alteration in the 
incidenoe of taxation was desiraUe. 

Dr. Yttld thought, by passing the resolution, they 
would be practically affirming the principle ol Mr. 
Brown's Bui, and before they were called upon to do 
that, he thought they ought to hare an opportunity of 
carefully g^oing through the BiU, and considering the 
whole of the clauses. As he said before, it not only 
bore on rural but urban sanitary authorities, and 
althoug'h this resolution onlv appKed to rural au- 
thorities, still there was no douot an argument might be 
raised, that if it were good for rural sanitary an- 
thorities it was equalhr good with regard to urban 
sanitary authorities. The nature of tiae BiB, which 
related to the incidence of taxation, laid it down that 
a separate sewer rate should be levied, and if it went 
beyond Is. 6d. in the £, anyezoeM should be levied 
on t^e gvneral diatariot rwte. It was very questionaUe 
whether the olauae was workaUe, and he suggested 
that it would be better to confine the resolulioii to 
water supply only. 

Mr. JaBM Lflnoa hoped the resolution would be 
withdrawn as far as regarded sewerage, for if it were 
adopted and carried out, he thought there would be 
veiy few drainage schemes carried out at all. Everyone 
had an interest in the heedth of a town. If the rate 
were to be levied on the small area directly benefited, 
it would be so heavy in many cases that they would 
not have anr rural authority able to carry out the 
K^eme. Only within a few weeks a^, he know of a 
case whne pressure had been put upon ue Local Qovem- 
xnent Board to cut out a certain portion of a district, 
proposed to be drained, on the ground that they did 
not want it, and could do without it, because they had 
cesspools in the chalk. No doubt they could do with- 
out it, but it was a very bad precedent if they were 
allowed to escape from me fair charges they ought to 
bear. If ^e resolution passed it would be the most 
retrograde step the GongrMB had ever made. 

Mr. Chadwiek said a statement as to the distribution 
of the charges that were said to be so frightful on 
the people, would be found in his paper showing that 
3}d. per week, or one halfpenny per dayi would suffice 
for sanitary improvements. 

Xr. Bofsn nel4» aa an enffineer who had had oon- 
oideiable expeiieaeei, espeeially in conneetien with 
drainage aieasy wished to rally support what Mr. T<atham 
and mr. Leinon had said. People would object to 
drainage, and would eontimM to use cesspools, if by so 
doing they oonld avoid a rate. It would be a decidedly 
zetrograde step if suoh a resolutioB weie passed. 

The Chairmaa said he had arrived at the conclusion 
that the best course would be to withdraw the resolu- 
tion. He was under the impres si on thai the matter had 
been fnl^ disonsoed on Mr. Brown's paper, and that the 
reaolation which he left behind was intsnided to be the 
record of general opnsefmL For that woscn he moved 
it, and Mr. CressweU seconded it. He was not prepared 
to say that Uiere was not a case for some modimsation ol 
the law, because he thought they had not arrived at the 



ultimatum in arrangements lor the creation of a special 
draina^ area. It seemed to him that Mr. Brown had 
hit an unperfection, and, so far as he had followed his 
Bill, the means he suggested were of the right kind. 
Still there was great weight to be attached to the argu- 
ments advanced by several gentlemen woU entitled to 
speak, particularly the objeotion to giving general 
approval to a Bill of this kind, on which the clauses had 
not been discussed ieriatim. There was also great 
weight in the view that the function of the Conference 
was not so much to differentiate between special pro- 
posals, as to lay down particular principles, and, above 
all, to keep before the public constantiy the idea of 
private soCTifice for the sake of public health. In his 
opinion, those arguments were qmte conclusive against 
a resolution so vagpiely drawn as that was, in the absence 
of that complete understanding which he had assumed 
to have becoi arrived at previously. He had sketched 
out something which more nearly expressed his own 
vieWs, which he would not propose for adoption, but 
would read, to show what was in his mind. His view 
was, that where, in a rural district, either a landowner 
or a speculative builder erected houses where there was 
no water or sewage, the local authority ought to make 
the houses healthy, and his point of view was to increase 
the power of the local authority, and by no means to 
increase the exemption. What he had drawn out was 
as follows: — '* That the incidence of rating for sanitary 
purposes in rural districts requires reconsideration, and 
that le^slative provision should be made enabling looal 
authonties to charge a greater proportion than is now 
charged of the cost of new sewaoe and water supply 
works, ereoted especially for the benefit of a limited 
number of dweUings, and necessary for their healthy 
occupation, on the owners and occupiers theseof." He 
thought the best course would be to withdraw ])£r. 
Brown's resolution, but in so doing he wished it to be 
understood that did not imply an expression of any 
opinion unfavourable to the views Mr. Brown had pro- 
pounded in the morning* 

Dr. Tripe said he should have beea happy to propoee 
the resolution read by the Ohairmaii, whksh only re- 
ferred to water supply ; but he most distinctly spoke 
against Mr. Brown' s resolution in his presenoe in the 
morning, and he was quite sure the majority of the 
meeting held oninicas flUuOar, to ajorrsot eocteni, to those 
entertained by Mr. Ijathaa, Mr. lleld, and himself. 

Mr. Voith thought the resolution was very properly 
withdrawn, and that it had betterrestasit was, without 
any expression of opinion. 

The C h a irm a n said that was his view. He was 
only anxious that, as a oonsequence of this diwusaion, 
it should not go forth as an unf avooraUe oonolusion 
with respect to Mr. Brown's paper. 

■r. Lathaa said hie view was that it wonld be ex* 
tremriy dangerous to pass any readlution which would 
seem to be of a retrograde satdtarr character. He did 
not know what the proviisons ol ttie BiU were, but he 
presumed the resolution was really In agreement with 
what he proposed in his Bin. Indrridnalhr, he Mt that 
if a resolution of thai kind were adopted, it would do 
harm rather than good. 

Lord Alfred Ohnrehill moved the following resolu- 
tion: — "That this Gonference wishes to express its 
entire satisfaction at the action taken by H.R.H. 
the Prince of Wales, President of the Society, in apply- 
ing to the GNyvemment for the appointment of a Royal 
Commission to inquire into the subject of a national 
water supply, and it eamestiy hopes the Gkrremment will 
take steps without delay to carry into effect the reso- 
Ivtion passed at last yeurs Conference." 

Captain Bouglas Oalton seconded the resolution, 
which was carried unanimously. 

The Conference then adjourned till the following 
morning. 
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Xr. J. Clarke Hawkshaw was unable to attend the 
Conference, bat wrote as follows : — I do not think that 
my paper on "Biver GonaerTanoy'' calls for any 
fiurther remarks on my part. I ma^, however, state 
that Bhineland, of which I have described the drainage 
administration, is a good representation of other drain- 
age districts in Hollana. If I had been able 
to be present to-day, I should have wished to make 
some observations on one point in the Biver Con- 
servancy Bill, and as I think it an important point, I 
will give my observations on it as briefly as possible. 
Three descriptions of land are defined in the Bill, flood- 
lands, intermediate lands, and uplands. Flood lands 
are defined as lands "liable to noods; '* I think they 
ought to be described as lands lying below the flood 
level. With the definition as it stands, endless disputes 
will arise as to what lands are liable to floods, as to 
whether lands that were liable to floods, but are 
not so now, should be called flood lands, &o. With 
the deflnition I suggest, a line can be put on the survey 
of the district, mandng the flood level, and all lan<iB 
within it will be flood lands. There is no difficulty in 
doing this ; it has been done for some districts, and it 
settles the matter once for all. Intermediate huids are 
defined as lands "draining by subsoil drainage.*' I 
thinks the words * ' subsoil drainage" ought not to appear 
in the Bill at all, not because I agree with those who 
say the water flows faster and more copiously off un- 
dxtdned clay lands than off subsoil drained day lands ; 
on the contrary, I think that much of the water that 
falls on undrained day land never flows off at all. It 
stands in holes and hollows, and is absorbed by tiiie day 
in a great measure, and finally leaves the land by 
evaporation. At a meeting of this Sodety, in 1855, 
Hr. Bailey Denton said that deep drains generally begin 
to run before shallow drains, that they invariably run 
as soon, and more copiously than shallow drains, and 
that they continue to run long after shallow drains have 
ceased to run. I object to the words, because I think 
they admit a wrong prindple of taxation. The rivers 
of a district form toe common ohannelB by which all 
the water flowing from all the land is conveyed away ; 
and, therefore, all the land ought to be taxed, to ensure 
the water passing away in those chaTmels without 
causing loss by floods, or by danger of floods to 
the lands on the river banks, and the tax for this 
uurpose should be at the same rate for all 
lanos. But as some lands will immediatdy benefit by 
the works, that must be carried out to ensure this 
JmmunKy from floods, they should be taxed at a higher 
rate. If you once begin to tax lands at an increased 
rate, because they do something to get rid of their 
water more rapicQy and effectually, why should you 
stop at subsoil drained lands. If a diteh is dug, if a 
watercourse is straightened, it has the same effect as 
subsoil drainage. l£ere is a dass of lands whidi might 
properly be cs&ed intermediate lands, and be taxed at a 
different rate to the other Hnason, I refer to land lying 
not much above the flood levd. It can be defined!^ a 
contour line on the survey of a district, in the same 
manner as the flood lands ; this has been done for some 
dif^bricto. On the Thames valley drainage plans sudi 
a line is shown, 5 feet above the flood Ime ; on some 
of the plans of districte in Lincolnshire, a line is shown 
2 feet above the flood line. The lands lying between 
such a line and the margin of the flood lands, 
might pronerly be described as intermediate lands, all 
higher lands would be uplands. If the River Conser- 
vancy Bill passes the House of Commons, I hope it will 
not be without some alteration having been made in 
the definitions of the different kinds of lands. I am 
sure they will give rise to difficulties and delay as they 
at present stand. 



Prooeedings of the aeoond day, Friday, May 



16th, the Bight Hon. James 
the chair. 

The ChairmaiL, in opening the Confereiioe, 
first subject was — "The evils of impurity 
on the connection of the water supply with 
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Br. Thome Thome then read his paper, '* The Bececrc 
Outbreak of Enteric Fever at Caterham ' * (see p. 1 1 7) , acd 
also added various other examples, ahowinff uie c 
tion of outbreaks of enteric fever with pculixtod 
He also wished to add a word with r^;ara to -wliat : 
be supposed to be a special danger attaohingr to lan^ 
water services. Of course, when such miBohief as Lr 
had referred to ooourred in connection with large wsJbo'* 
works having large areas of supply, it oonaed wide- 
spread disease; but he was convmced that, for ev^rr 
100 cases of typhoid fever thus produced, the numbrr 
resulting from the contamination of shallow -m^* 
sunk in filth-sodden soils was a thousandfold. AnatS»^ 
important point was, that the mischief resnltixig^ in t]» 
former cases was so easily capable of lexnedyy wherp«i' 
the only remedy in the case of a polluted shallow «»-& 
was to clean it out, and that was utterly useleaa vrhem 
the contamination was washed in from tho aoQ u 
which it was sunk. He thought that the eyti-niAa 
of large public works for water supply inuet bt 
looked on as the most certain means of eradinatiiiy am 
evil which, unfortunatdy, had hitherto caused, year by 
year, from 70,000 to 100,000 cases of prerentablr 
wiHease. 



Xr. Baldwin Latham, C.B., asked if Dr. 

g've any information as to the quality of 
om tms well which was probably mixed witii the 
typhoid poison. 



A Member asked how long the elements of 
remained in the water, from the first spread of thr 
disease until it passed away ? 



Dr. Thome said he could not satisf aotoril^ answer Mr 
Latham's question. Owingtotheoonatmctioaaf the«di: 
the water became turbid, and, therefore, it was as murb 
as possible pumped to waste to diminish the toi^idity. 
and thus he was unable to asoertain the extent of dilutinB 
There was, however, considerable probability that thf 
extremely mild nature of the dlnoaBO was doe to the 
enormously diluted stete of the poison. It aeyeraltiiBir* 
happened that mild outbreaks of enteric feyer h^d 
ooourred in connection with a laively diluted state of the 
poison, but the extent of the dimtion he oould not i^y. 
In the first place, one would have to know the ""^««* <tf 
evacuations which found ite way into the weQ water. 
and this he had no means of aaoertaininy. Tfap 
other question was also very obaonre, and gaw him 
a great deal of difficulty. He induced the avthoritiea to 
issue notices, cautioning the people against umag thr 
water, and haying done that, they natnrally oame to him 
again and asked when he would give them leave to wr 
the water. It placed him in a rather diffioi]dt pontioe* 
owing to the imperfect knowledge we have as to tfar 
nature of the poison of typhoid ferer and the «xtest t> 
which it would go on developing itself. Giitmrnstanct* 
of temperature and humidity, and so on, muet haw been. 
to a certain extent, favourable to ite developmetit in thi» 
case, but he could not form any idea as to the Hmxt 
ot infection. When he oame to possess all the facta» hv 
had a strong impression that before the notioe na/^ 
issued, the poison had very poadbly been pompn! 
out. 

Mr. E. Matten said he had understood Dr. Thon tb^ 
say that in one case sewage foimd its way into t^ 
water mains by the junction of the iron pipes. OsiUd fap 
give any further information about that Y 

Br. Tkome said, in the case r ef c n ^ to — that i4 
Over Barwen^the sewage passed alon^ a ttone semr 
uptoacertain point, and when that oame into pnxxinItT 
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gnth the water oonduit, an iron pipe was carefnlly laid 
icrofls to pieyent oontamination ; but owing to a leakage 
which had taken place from the stone sewer higher up, 
i oeespool was formed by the side of the water conduit, 
rhe iron pipe itself did not leak, but the sewage escaped 
it the point of junction between it and the atone 
sewer. 

Br. Beaton (Nottingham) asked what was the chemical 
{tate of the Caterham water with regard to purity ? 

Br. Thome said that was another very difficult ques- 
tion, and he had specially avoided having the water 
malysed. His own impression was, that you might 
have taken 100 samples and never found anv evid^ce 
of specifically diseaised matter in it; but m the one 
bmuued and first you might have discovered it. 
That slone would account for the immunity of a 
large number of people who were habitually using 
the water. He aid not like to speak on the chemical 

Eoint, but he did not imagine any chemist would say 
e oould have told whether the poison of typhoid fever 
was in the water in an infinitesimal quantity. It 
WS8 very probable that, from beginning to end, the 
Caterham water would have given very good chemical 
results. 

Dr. Beaton said he fuUy anticipated that answer. 
Whenever the q uestion of possible pollution of water 
with the spednc poison of enteric fever was raised, 
they were frequently met with the insufficient reply 
that the water yielded good results when analysed. 

Mr. Birkett asked if the incrustation of iron pipes, as 
tending to cause pollution of water, had engaged the 
attention of Dr. Thome at Caterham. He had had 
some papers printed, showing the effects of hard and 
soft watCT on iron pipes, and he thought that would be 
found to be the principal cause of disease. 

Br. Thome eaid he had understood, from a remark 
made the previous day, that the suction of foul matter 
into the mains would be necessary before it oould ding 
to any such incrustation in iron pipes, and so give rise to 
epidnnics. 

Mr Birkett said this incrustation would take place, 
even with a constant supply. When there was anmter- 
mittent supply of water there was sufficient space for 
gaaes to be generated, and the first water which passed 
through naturally got impregnated with impure gas, 
and disease resulted. 

Br. Thome remarked that this presupposed that filth 
got into the mains and was capaUe of generating foul 
gu. At Caterham he did not think it was so, besides 
which the supply was not intermittent. 

Kr. Colsbrook fRMdinff) asked if any surface filtra- 
tion was practised with the Caterham water, or in any 
of the other oases mentioned by Dr. Thome ; also, if 
in his opinion, the contaminating matter could have 
been removed by that process f 

Br. Theme said the Caterham water was not filtered. 
It was, as a rule, subjected to Clarke's process, but, 
owing to some works then going on, the process was 
not always carried out. In the Lewes case the 
water was not filtered, but if it had been it woiUd have 
made no difference, because the contamination took 
plaoo after the water was in the mains. He could not 
iipcak positively with regard to the other question, but he 
felt that filtration was, as a rule, at the best mechanical, 
and they had every reason to believe that the particles 
which ffave rise to enteric fever would not be removed 
hy mechanical filtration. 

Captain Douglas Oalton, C.B., 7.B.8., asked whether 
the water was subjected to filtration in the houses. 

Br. Thome said it was in some instances, and some 

not 

Br. Taehor remarked that, in speakinff of the cases in 
that epidemic being singularly Ught, &. Thome said 



he thought that might be due to the poison beinff re- 
ceived in a very dilute form. He wished to adc if he 
had any warrant for that belief? 'the poison being 
particulate, he believed that when it was verv dilute it 
diminished the chance of a person takihg the disease 
at all ; but when he had once received the seeds of this 
disease, it had then the power to fructify and multiply 
so much, that probably, if the water was very dilute, 
and delivered to 100 people, 99 would not have the 
disease at all, but the one subject who would teke it 
would have it in as bad a form as if he took several 
germs instead of one. 

Br. Thome said he could onlv answer the question 
very generally, by saying that he believed, in several 
instances where the dilution of the poison had been 
obviously verv large, the mortality of the epidemic had 
been ezkemely sn^. Taking the Caterham and Guild- 
ford cases especially, the mortelitv was very slight. He 
was under the impression that if we received into our 
systems a definite quantity of a growth, capable of 
developing up to a certain point, the chances were, 
that if we received ten times that amount, the disease 
would be much more severe. 

The Chairman said he doubted the advisability of 
entering on a discussion of this purely medical point ; 
th^ were assembled as Hanitarians, not as medical men, 
and he presumed they were all satisfied that, however 
diluted tiie poison might be, it ought to be kept out of 
the water. 

Mr. Lueai asked if Dr. Thome hadasoertained whether 
the deep borings, put down through the chalk into the 
lower greensand, yielded any water ; and inasmuoh aa 
the adit was constructed for the purpose of passing the 
water into the well out of which the Caterham Company 
pumped, whether he had ascertained at what date the 
wtAer from the lower greensand was supplied to the 
Caterham Company's weU. He wished to loiow whether 
he had thoroughly sifted the question^ so as to satisfy 
himself that the introduction of this new water had 
nothing to do with the outbreak of the disease, because 
he thought the evidence with regard to the evacuations 
was somewhat weak, and, to say the best of it, he 
thought it was a case of not proven. 

Br. Thome said the infonuition he received from the 
Company was that tiie lower greensand was reached 
at a date when the cause of the epidemic had already 
ceased to be operative. 

Xr Emeit Hart then read his paper, *' Epidemics 
produced by Polluted Water Supply.'^ (See p. 119.) 

Mr. Creiiwell said he could give a piece of informa- 
tion to the Congress which he wought would be satis- 
factory. A very important question had been asked 
of Dr. Thome, whether he nad examined into the 
chemical condition of the water in the Caterham case — 
whether, in fact, chemistry could have discovered any 
trace of infection. He, however, had very wisely 
abstained from having the matter chemicallv investi- 
gated. As a mere matter of legal procedure, he wished 
to inform the Congress that the Courto of Law, in the 
famous case known as ^e Cockermouth case, had 
decided that it was not at all necessary to prove the 
existenoe of a legal nuisance in the water alleged to be 
contaminated. It was quite sufficient to prove that there 
was a potentialify of contamination, that water, in fact, 
had been allowed to flow from sewers into a river, and 
chemical demonstration of the existence of pollution at 
a given point was unneoeasary, and neoessarjr to justify 
an injunction being granted to prevent a violation of 
sanitary law. Cockermouth drained into a river known aa 
the Derwent, and the people of Workington, eight miles 
below, complained that they were being poisoned, and 
sought to restrain the pollulaon of the river. The arm. 
ment on the part of Cockermouth was this, prove that 
we have created a nuisance by the existenoe of a nuisanoe 
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at Worki&eloii, from whence yon dzaw your water 
supply. l%ey called in Dr. IVankland, on behalf of 
mjirksngton, and ha stated to the Court that it was im^ 
poealble to disoover, by chftmioal analysis, any tnees of 
pollution in the wat^ ; but he added tlus very preg- 
nant statement, that he himself was satisfied of the 
existenoe of poUntion, although it might be impossible 
by chemioal analysis to deted; the germs. The Master 
of the Bolls, whom they knew to be a learned and 
ener^tic judge, br no means trammelled by antiquated 
traditions, decided that, inasmuch as the Legislature 
had satisfied itself that it was an improper and un- 
justifiaUe act to pollute water by sewage, he would 
not require absolute legal evidmioe to jusdfy the inter- 
Tention of the Court. 



Dr. Saafeom said his object in asking the question of 
I>r. Thome had an importsiit bearing on an outbreak 
of entario fever, which ooonzved eight years ago in 
Badfofd, a suburb of KottinAham, ai^ which had been 
investigated by hun. The £strici was partly supplied 
with water from a well sunk in the hunter beds of the 
new red sandstone, in a populous part of the town, and 
which, on chemical analysis, presented very fair results. 
Nevertheless, the facts pointed strongly to a connection 
between the water supply and the spread of the disease, 
and this was the more probable on account of the 
position of the well and ite liability to occasional con- 
tamination. Dr. Thome's conclusions were, that all 
possible sources of excremental contamination in the 
vioinity of water aomoes should be strictly inquired 
into and rigidly dealt witii. In that partionlar instance 
the anpplT of water was in the hands of a private oom- 
patiy, aaa although it was of the utmost consequence 
that the supply should be investigated in the fullest 
possible maimer, the company objeoted to giving the 
opportunity of so doing, on the ground that their own 
aaviMr (an eminent o]ieiniBt)had pronounced the sample 
he examined to be good. He had himself experienced 
mndh difficulty in impreeang npon people the importance 
of not resting content with chemical analysis alone in 
the matter of water, and the need of looking narrowly 
to poosible causes of exoremental contamination, it being 
necessary to reg^ard all such contaminations as potentially 
that of enteric fever. 

Xr. Lawia Olriok said the Conference met for the 
purpooe of improving the public health, and one 
would naturally infer wat the public would be most 
interested in the subject, but it was nothing of the sort. 
He had himself, simply as matter of precaution, adopted 
means for purifying tne water used in his own house. 
Of course m the cases mentioned hj Dr. Thome, Mr. 
Hart, and Mr. Latham, no filters m the world would 
Tiurif y the water, but the difficulty might be met by 
DoUing it. Unfortunately, the public would not take 
the tK>uble to protect their own health. He did not 
smak merely of poor persons, but those comfortably 
off would taxe gmt care to provide an ample supply 
of wines and spirits, but if you asked them to spend 
43 or £4 for the purpose of purifying their water, they 
would not doit. He hoped one restut of this Congress 
would be to teach the public a lesson, that there was 
an immense danger in not purifjring drinking water, 
and if they did not take heed ol the warning they must 
put up with the consequenoes. 

Xr. Baldwla Latham said they were aU much in- 
debted to Dr. Thome for his verv valuable paper, and 
although this outbreak had been tne means of inflicting 
so much miscrv on many, yet the lessons to be diawn 
from it would be of g^reat use in the future. He was 
prepared to beUeve that very few outbreaks of typhoid 
occurred except under the Influence of impure water, 
but he could not quite agree with the conclusions 
arrived at by Mr. Hart, that there were other modes of 
impuritv bv which water mk^ht be polluted : he thought 
it very doubtful if any aerial impurity could be absorbed 



which would be the cause of typhoid. If Mr. Bm 

had oarrfully considered the oaae at Croydon with »> 
spect to an intermittent supply and the impwntiBB bw 
drawn in, he would have found, from Dr. BuehacSB • 
return, that in 1876, in the montha of June and Jiih 
when tiier© was the greatest demand for water, and tb 
greatest intermittenoy in consequence of not being *t» 
to supply the demand, they were the two months fu«i 
from fever. Again, with regard to the 1875 outbresk 
in the Friends' School at Croydon, the bo^' wnrfr 
supplied direct from the mains, but the giris 
supplied through the intervention of an apesi ciA 
the roof. There was a great outbreak of favw on As 
boys' side, but not a single case on the gizis' Mm* Thn* 
the intervention of a cistern seemed to have been a pR- 
ventive. The late Dr. Letheby oaxefaDy ingisfa cd into 
that outbreak, uid recommended the authosnice to i>- 
troduce similar fittings into the boys' ade of Uie aeh.-fci 
Again, in 1876 alone, there wese so methin g like 1.4<« 
cases of fever in Croydon, and the whole of the dej«rta 
from thosepatients was passed into the aeweee and thm 
on to the irrigation farm. Between the irifgatiaa fmrm 
and the River Wandle was situated the ^erj popakas 
district in Wellington, which drew ite water sopplv 
from wells, so that they got little or nothing bat t2» 
perodaiion of this sewage farm ; yet it wae a aiagulK 
fact that, in 1876, there was not a smgle oaae of entenc 
fever in any parii of the district. There you crroli 
trace the underground water on to the farm aai 
through wells down to the River Wandle, an d^vfi 
imder those conditions, it showed that tihe e^rfti 
of exposure of the water, aa in iTri^;atio(i, entirrfv 
destroyed the poison of this particular dieeaee. Hf-hef 
charge of the whole of the district for sewecas^ |nirpL«s 
for some mQes round the Croydon Irriganon WcrVa. 
and the sanitary authority had been most anxfoos as ^• 
the health of this district. For many vean pas* it had 
been found that the whole of the vaUey of the Rtvtr 
Wandle, starting from Croydon Bewaga Favm« and 
passing down to Wandsworth, was lemari * * *^ 
from enteric fever. It was ascerained by 

ment of the wells in that district that the^ 

fluctuated, the soil was rather poroue» aaa then 
were 36 millB on the River Wanale, wmoh daanacd 
up the water, so that the water level of th» 
subsoil varied but an inch or two from one yaax^s rad 
to another. That meant that the snbeoil maet alw^p 
have in it a certain amount of water, and thece rac 
came to the question of dilution. Since 1875, alth<mx4> 
there had been no intermittent water sup^^ whate««f 
in Croydon, yet the amount of fever irae dcs 
got rid of. The conditions were these. The mosBtrt 
the water got to a remarkably low level, on t^ 
very first instance of the rise an onibwjek of 
occurred ; and from having himself made fo«ir e 
experimental wells, where he hadaow Ittd for two 
sell-recording apparatus at wotk, Teootdiag eveey ftosaa- 
ation in the subsoil water, he could show that k wa> 
due to the fact that when the springs got to the rrrj 
lowest they began to fill up in the lower parta of tl» 
districts before they did in the upper portion^ aui 
consequently surface impurities were carried d^^wr 
when the springs were low, just at the tnn 
the springs ag^ain began to rise. Thai was c«>r- 
roborativo of the results obtained in OermaaT \?f 
Professor Fettenkofer, who showed that entscir fev«<r. 
and even cholera, was always coincident with the Icw^rt 
levels of subsoil water. It was true that the grfmu< 
outbreaks of fever always occurred after the drk^a 
periods. Dry years were invariably fever year». If 
we were now to have a long dry period, very shorth 
after the first shower of rain in most of the v{IU),<v^ 
supplied by local wells, there would probably be ^«it- 
breaks of enteric fever. He had a atrone mperesMB 
that the influence of lisht had a powssnl eAert n 
destroying whatever might be the poieon of eatecie frnv 
and some other diseases. PoOutdon under the ergidir>as 
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darknefls, suoli as geUing dizeotly into tho water 
ains, 88 happened some yean ago at Ely, or into the 
round water, wee the moet dangerous. There were a 
■oat many caeee whioh all showed that underground 
fntamination waa far nu»t) dangerous than above 
round. A well known oaae was that in the first 
Lolera ootbnMik, where it was shown that at Wolver- 
impton the place was so attacked that the people 
jtually camped outside the town, the sewage all passed 
to the River Tame, which flowed down an open 
lannel for several miles, sand the water was pumped 
»r the supply of Birmingham ; yet ihen was only one 
Lse of choWa in Birmingham, and that was reported 
» be an infected oaee. It did not matter whether 
ley had to deal with germs or apeotflo poiaons, 
) long' as it was known what the conditions were 
hich caused disease, and it all came back to the oues- 
on of f eecal pollution of water. Guard the water from 
Dilution, and you were safe from many diseases. 

Xr. Aloo^ aaid than was no doubt a defieienoy in 
le powers of sanitary anihoritiea, in soma oaaes, as 
ras shown in the case mentioned by Dr. Seato n , when 
ae supply of water from a deep well was apparently 
ore, and being in the hands of a private company, 
tiOY objected to its being inquired mto, because they 
aa a report from their own chemist that it was 
•ore. It was this difficulty he wished to draw atten- 
ion to. When the snpply was in the hands of a private 
ompany, how were the sanitazy authorities able to 
If'sl with it, when, as in that case, the water might be 
hemioally pnre, and yet the sanitary authority might 
)e perfectlv satisfied that it was polluted from sewage, 
>r other deleterious matter? In the neighbourhood of 
mtherland, where the water supply was oertainlypure, 
md for drinking purposes admirable, they had tbund 
^oiy great difficulties m many ways ; first, in enforcing 
he supply of water, and, next, in consequence of its 
)eitig entirely in the hands of a company, of detectin^g 
mpurities should they exist. One of the first neoessi- 
:io8 in conneetion wiu water su}^ly was, that it shoald 
)c taken out of the hands of private oompanies, and 
•CHtcd in sanitary authoritios, "too otherwise were al- 
nottt powerless, unless they could show by chemical 
lualytds that the water was impure. It was very diffi- 
'ult to trace tiie impurities, and having traced them 
irobably to their own satisfaction, it would be very 
nuch more diffioult to enforce any improvement upon a 
mvate company. Many sanitary aul^orities would 
ike to obtain power to transfer the water supply to 
heir own hands, but when they had the experience of 
he Stockton eaxd Middlesboro' Bill, which om^ passed a 
<>SHi(m or two ago, and the frightful expense it entailed 
<) euter into a Parliamentarv contest with a private 
ompany, they might well shrink, as they did at 8un- 
lorland, from such a course, although they would be 
nust happy to take over the water supply, paying the 
ihareholders a liberal compensation for their property. 

]>r. ThMAe regretted that he had not made fuller 
^erenoe to the action of the Gatezham Water Corn- 
May, because, althoug-h he f aUy agreed with the last 
peaker in many pointe, he thought the difficulties ex- 
jWrienoed in dealing wiUi private oompanies were oar- 
*inly not oni^ezeaL The mement he suggested to the 
^rham Water Company thero was a possibilitv t^at 
«^ water was producmg mischief, they tola him 
uat every informatian and assistance by their staff was 
WHolutelv at his disposal, and the Chairman himself 
lot only helped him offioiall^, but told off one of his 
"^ineerinff clerks to go with him and work up the 
^jeot. bi fact, without Hbo oompany*s help, he would 
lave had great difficulty in dealing with the special im- 
^^ty of Warlingham. The company also adopted 
^^^ nngie recommendation he could suggest, after 
Moertaiiuiig the oauae of the epidemic ; the wells were 
*^>i»ted with a strong soltttiofL of chloride of lime, 
Uia they pumped the water to waste for about three 



weeks, in order to get rid of all water whioh oould 
have been oontaminated. 

Mr. MMklBBoa said it was imposatbie tooverrate the 
importaaoe of the paper they had heard tiiat morning, 
ana he oonld support the oonclnaions arrived at by ms 
own ezperienoe of many years in Monte Video. The 
houaea there were all flat-roofed ; the rain-water was 
ooUaoted from thoae house-tops, and carried by pipes to 
a raservoir nnder the pavement in the centre of the 
aomtyaid. As they all knew, cato were very fond of 
taking the air on the hoaae-tope, and consequently there 
waa a rapid aooomnlation of their excreta which waa 
oanied down with the rata to these wsUs. The water 
was also contaminated from the oeaspools, whidi were 
attached to each house ; and, as they Imew, human urine 
had a powerful effect in dissolving lime and cement^ 
and consequently these liquids very eanly found their 
wav Into the reservoirs. Uo was Director-General of 
Public Works, but had never found one reservoir where 
the water was not oontaminated. The result was, that 
diseases were verv rife. A system of sewage had been 
carried out, and also a supply of water by a company, but 
the public were very loth to take advantage of these appli- 
ances until a very severe outbreak or cholera, yellow 
fever, and t^hoid made them think whether they had 
been doing right. He hoped the time would oome when 
the Government of Uraguay would insist on every 
inhabitant connecting his drains with the sewers, and 
consuming water supplied by the company, and order- 
ing the closing up of each reservoir and oesspod 
attached to each house. 

Br. Ward said that vevy often medical officers in the 
country had opportunities of pursuing investigations 
into the causes of diseases which those in towns had not. 
In the district it had been his privilege to administer for 
the last few months,thero had oeen peculiar facilities far 
studying typhoid fever. His district was in West Cum- 
berland, oommencing with Keswick, and going down 
to the seaboard. Th«re were very few cases at Keswick 
where they had pure water ; atOockermouth ^ere were 
more cases where the water was river water, and, to 
Bome extent, contaminated with land drainage. At 
Workngtoo, durix^ the last winter there had been 60 cv 
60 oases of typhoid, some very aavere, butothars milder. 
The iatensatj of the fever waa not aitogether owmg to 
the impuxity of the water, hut also to the oObtaminttfeioii 
of the noose atmo^bere ixam aewer gas. He had in* 
vestigated many oases, aad always found that where they 
were moat severe, there bad been sewer gas present in 
the house. He would not say that this waa an esoit* 
ing cause, but it was eertainly a pvadispoainff eaase of 
typhoid lever, whioh was apt to be overk)okad. 7bi» 
oonclusion he came to was that impure air was not 4mkf 
laigely the cause of zymotic diseases, bat also t4 a)ain» 
amount of local diseaafls, suoh jl» inflammation of tSi 
lungs, and of the hrain^ which he had olaarly tvaoed to 
the pollution of the atraoi^khflre. 

Mr. Maxwell said the lessons they were dai^ getting 
on minute contamination could hardly be too strongly 
impressed on the public mind, and what had been beard 
that morning would go very far to do away with the 
idea that a chemical analysis was at all times a test of 
pure water. The question of constant supply was one 
which ought to be considered in reference to these par* 
ticular conteminations, and he had no doubt that con- 
tamination did get into the ph>es by an intermittent 
supply, as when it was out on daily, which was the 
practice in London, or when the pipe-layers were at 
work in the streete. As a rule, all tops were left open for 
the svq^i^y to oome on again, and the fiomaqiwee was, 
there was a natural suction into a great many of theoi, 
which absorbed the air from the vicinity. £a Ihe oaae 
of watw-oloaeto this had a very detrimental infiaeooa, 
because many of those oloeeto were still oonstmoled 
I with the water ser>'ioe communicating direct to the soil- 
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pan. It ought to be a rule that no water-doaet should 
be confltructed without the supply beinff taken from a 
separate dstem. He was much struck with the remarks 
of Mr. T<athaTn about exposure to air and light. He 
was connected with works where the supply was from 
artesian wells, and some people wanted them to pump 
direct from the wells without the intervention of anv 
resenroir. That they could not do, because the wen 
did not yield sufficient during the day for the supply, 
and they were compelled to store a certain quantity ; 
but the question was often asked — ^Was the water 
injured or not b^ being brought up frmn the chalk and 
exposed to the hght. His own impression was, it was 
not; but it was a point upon which he should be 
glad to haye further inf ozination. 

The Mayor of Oldham (Mr. Hamilton) said he had 
listened to the various speakers with Tory great interest 
and profit to himself. He might point out that there 
was one source of contamination which had not yet been 
touched upon, but which was yery general throughout 
the agricultural districts. Jn aU uffge farms it was 
usual to have what was called a straw-yard, where 
cattle were impounded day and night, and their excreta 
was collected generally for twelve months, when it was 
cleared, out and fresh straw put down for the ensuing 
year. Almost in every case the straw -yard extended 
near the farm house kitchen door, and the weU for the 
supply of the house and fazm-yard was between the 
two, a portion of the liquid manure thus found its way 
into the well, and there could be no doubt an immense 
deal of contamination occurred. He was a frequent 
visitor to many of our largest agricultural counties, and 
after hearing what he had that day respecting impure 
water being the sole cause of typhoid fever, he must say 
he was thimkful he was still alive. He quite agreed 
with those who affirmed that a good and pure snp^y of 
water could be found above and under groimdupon nearly 
all the farms in England, and he waa certain that every 
rural pariah could find within itself good and pure water 
sufficient for its requirements. He trusted that at next 
year's Conference a paper would be produced on tiiis 
subject. 

Vr. 8. W. Vorih (York) wished to aakBr. Thome if theie 
was any evidence, and if any what, of the multiplication 
of the elements of typhoid fever outside the body. There 
was no doubt that infected material conveyed the disease 
to others, but there was the greatest difficulty in jwr- 
suading the general public, andeven sanitary authorities, 
that 2 or 3 ozs. of infected material poured into many 
million gallons of water, could propagate the disease 
amongst the general inhabitants usmg the water. He 
1hou«it himself that sanitary authorities and the general 
pnbhc were to some extent right, and that, if ^rphoid 
xever were propagated by such minute infections of 
water, we shoula none of us escape. He could only say 
he should scarcely daro taste water aflrain if he thought 
such a thing probable, because he oould not see how you 
oould get water which might not be more or less contami- 
nated in that way. In saying this, he said it with the 
full conviction that, in tracing the origin of typhoid fever 
to the contamination of water in some way, we had got 
on the right track ; all he wanted to say was, that they 
should not commit themselves to any conclusions whicn 
were not ascertained facts. There was in the general 

{>ublio, although not well informed, a pretty strong 
ogical mind, and there was considerable difficulty 
in persuading them that these very minute causes had 
the widely operative influences which some sanitary 
authorities supposed. He, therefore, wished to ask Dr. 
Thome the question he had stated. 



Dr. Thoraa said a ooniplete answer to the question in- 
Tolyed soohaii <""**"■» amount of information that he 
hardly liked to enter upon it. He did not feel himself 
oapaue of doing it sarely from a pathological point of 
view, bttt the facts certainly bore out the view he 



had expressed, and not only so, but there was ample -prod 
that minute quantities <rf poiaon had prodoboed them 
results. For instance, take uie Lewes a/athromk ; H wa« 
clearly due to minute particles of typhoid excsvta whiii 
were drawn from certainly not more than a dozen dnvi 
pans in that town into the maina. Whilst thoeepttrtidn 
wero being drawn into the mains, tfaediseoae was rapidlr 
prog^ssing, and the moment a ronstimt aervioe wm 
put on, which prevented that suction froma. taking' plaf , 
the disease stopped. 

Xr. 8. W. Vorth said he did not dispute the geneni 
inference from the published information, and he w<mH 
save the tame of the Ck>nferenoe. He wished to oaaS» 
himself to the question whether there was an j eridsiioe 
of multiplication of disease genns outside the body. 

Br. Thorae said that in an allied disRnae the spwiSc 
germs had been isolated, but he had never sera t 
typhoid germ, and therefore ootdd not say there was ast 
visible evidence. He knew himself there were scri: 
specific germs, but he did not think he could prove it t * 
any one, apart from the general inference to be dravr 
frcnn epidemics. 



Mr. Smett Hart moved the following 
'*That since a comparatively minute quantity of thv 
poison contiuned in the evacuations of the patientit fr 
enteric fever may, it is believed, when subjected t» 
conditions favourable to the development of tliAt puibuc. 
lead to the specific infection of vezy lai^ volumes ti 
water to which it has gained access, all sooroes of 
excremental contamination in the vicinity of wate* 
sources should be rigidly dealt with durini^ th<<r 
construction or repair, and in their use/* Hr 
thought the infoimation contained in I>r. Th(C&<'** 
paper, and his own abstracts, would amply justify t^ 
Uoinf erence in passing such a resolution.. It niii;fkt, < I 
course, be open to doubt, and it was open to nmb^r 
research, whether, and in what way, the Kpedlfic pi>urr 
of typhoid fever multiplied out of the body. That «a* 
a question of minute pathological investigation, wh:'-} 
was open to this preliminary difficulty, tluat, ba I>r 
Thome had said, thej had not yet isolated the perticaUt# 
contagium of typhoid fever in such a manner as tu tr 
able to experiment with it by culture. On the oUl'T 
hand, aU the facts, irrespective of any pathologic 
theory, pointed irresistablv to that conduaon. It h^ 
proved, as a matter of fact, that a partienlar loury 
of water supply being infected, an enom&oua number a* 
personshadsufferedfromtvphoid fever so infiltrated. Ni« 
only were there now stated anumberof facta which m.tft 
minutely investigated, bore that inteiptetation, Ivt 
tiiey slso found another kind of facta, that by cuttja^ 
off the source of conta^on you immediately arnMv^^ 
the epidemic, and you might predict with certainty thar. 
if at any moment such contagium did pass into wat#r. 
a large number of people would be ao poiaoncd. H» 
remembered very well in the last oho&ra epidnuK. 
which occurred in the East-end of London — whws 
was a sudden explosion, so to epeak — ^he then said t < 
Mr. J. N. Raddiife, who had sinoe heeome a Gonn.- 
ment inspector, that all analogy painted to (Ik itti 
that an outbreak of this sort must be oanaed hyc«a- 
tamination of the local water supply, and he oommi^- 
sioned him to make an inquiry. All the facta appeaxU 
to be against it ; but Mr. Radoliffe, foUowinir oat t^ 
various dues, traced it to the East London Wat<T> 
works, andit was foimd that on a particular day the Ea>t 
London Company had used the water trota a partinUtf 
reservoir, and the water in that reservoir had i«en on- 
taminated by tiie excreta of a person who had ctmr t 
Southampton with the cholera, and had eome tm 
there to the River Lea, and that the one individual W 
brought Asiatic cholera to the banks of the Lea, asJ 
the dejecta of that one penon suAoed to oanae the U< 
and most severe limited outbreak of ehokaa in t^ 
Qouptry— he trusted he might say, owin^ lo the laKr* 
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mation now obtained, the last outbreak which ever 
would oocor in this country — ^because he did believe 
that, in oonsequenoe of the precise manner in which 
enteric ferer and cholera had now been traced to 
polluted water, by adopting such precautions as the 
resolution jointed to, they might prevent any out- 
break of Asiatic cholera in an epidemic form, and also 
prevent the sporadic, endemic, or epidemic outbreaks, 
of enteric fever. 

Hi. Gresiwell seconded the resolution. The first 
reason why he supported it was, that it would enable 
them directly, or indirectly, to g^t rid of a nuisance 
throughout we country, wmoh was universally accepted 
ind acknowledged, namely, the intennarriage of the 
lomestic well with the domestic cesspool. Bis second 
reason was, that he believed a resolution going forth 
brom that Congress of intellectuid and scientific men 
ooUected from all parts of England — representative men 
—would streng^en the hands of all local authorities 
throughout the kingdom, and enable them to carry out 
the provisions of the law which already existed with 
reference to the pollution of water ; and if they found 
by experience, as many had done, l^at those provisions 
were inadequate, would enable them to go to the Govem- 
ment and demand the reform wluch they believed to be 
oeoessary. 

Kr. Adams (Maidstone) thought it would not be 
tight topass altogether unnoticeid some remarks made 
by Dr. Tliome with regard to chemical analysis, which, 
if they had their full effect, would do damage to the 
cause of chemistry, and ignore the assistance which, 
might often be obtuned by that sdence. He was quite 
mre that Dr. Thome would agree with him that, in 
oumy cases, chemical analysis was useful. A very 
small amount of the potent animal influence, disease, 
iferm, or whatever it might be called, might exist in 
xnuparatively pure water which came from a public 
company, and might not be traceable by any means 
it tne chemist's disposal. On the other hand, in 
M)untry districts where almost every person had his 
private well in connection, or closely allied with the 
Ksspits, the "evidence which could be got by the chemist 
vas very much more obvious and tangible. Perhaps 
le might have no means of detecting and isolating the 
rcnn of disease in sewage, but it was by its associates 
generally that they could, as chemists, track it out ; in 
une cases out of ten disease germs would have those 
AKXiiates, and by the discovery of those an alarm nete 
aight be struck, and hence chemistry would be valuable, 
rherefore, he ventured to enter a quiet protest against 
)r. Thome's remarks being taken to sigfuify more than 
le would wish them to in throwing any doubt on the im- 
>ortant results oftentimes obtained by chemical analysis. 

Br. Thome said he entirely agreed with what had 
alien from Mr. Adams. His remarks applied solely to 
he Caterham water. 

Xr. Birkett said he had not the good fortune to be a 
cientific man, but he was sure that very few had g^ven 
Tcater consideration to this subject than he had. The 
oUution of water was the most fruitful source of disease, 
^e contamination of dwellings from sewer-gas was 
Ifio a direct cause of disease, and he wished to draw 
ttention specially to the great evil which existed in large 
owns like Manchester and Liverpool, where the area of 
tie household was so limited that it was absolutely im- 
losnible for the inhabitants to breathe pure air. When 
ach individual imbibed about two and a half hogsheads 
f impure air each day, it was easy to conceive what the 
ffcct must be on the sjrstem. Therefore, whilst attack- 
ig the pollution of water and defective sanitary arrange- 
lents as g^ing to the very root of the evil, he also 
bought there should be legislative enactments which 
hould prevent builders or land owners putting up houses 
rith rooms of less than a certain size, and on a suffi- 
iently lai^ area to allow of thorough ventilation. 



Mr. Colbrook said he had previously asked whether 
filtration would remove poisonous germs from sewage, and 
the reply was that it was doubtful. He wished, further, 
to know what would be the effect if the excreta of 
infected patients in towns were taken to a sewage farm 
and percolated through the land — would the germs be 
thereby destroyed P or would the effluent wat^ convey 
germs to the river from which towns lower down would 
take their supply. 

Mr. Emeit Hart said there was a vast amount of 
scientific evidence which would satisfy the mind of any 
layman ; he believed that the theory that this poison di<i, 
and could, multiply itself almost indefinitely, was 
true. He referred more especially to the most recent 
researches of M. Pasteur on charbon and the splenic 
disease of cattle. The smallest quantity of blood taken 
from an animal dying of this disease would com- 
municate the particulate poison, which there was great 
reason for comparing with the particulate poison of 
the typhoid disease. Pasteur showed that a cdngle drop 
of blood of an animal affected with splenic disease mi^ht 
be inoculated in a culture-fluid, and produce an m- 
definite multiplication of that particular poison ; that 
a drop taken from that culture-fluid passing on to 
another would produce similar matter in the second, 
and so it might go on almost indefinitely, and a single 
drop taken from any of these toltured fluids, and, 
therefore, indefinitely diluted, if it were a mere 
mechanical dilution, would prove intensely poisonous 
to the last series of animals, and would exdte the same 
disease with absolute certainty. Siimilar evidence had 
been obtained as to the poison of septiceemia, or blood- 
poisoning. Therefore, there was evidence apart from 
absolute facts, that a particulate poison like that of 
typhoid, might, and dia, out of the body indefinitely 
multiply itself. As to filtration, there was no doubt it had 
a very great influence, and especially filtration through 
the ground, and through ground filled with the rootlets 
of growing plants in destroying typhoid poison, but it 
could not be absolutely relied on. As Mr. Latham 
had pointed out, these germs fertilised and multiplied 
much more readily in darkness. Some attempts had 
been made to reduce almost to a matter of measure- 
ment the bulk of water, the amount of air, and the 
quantity of light necessary to destroy these germs, but 
it was perf eow^ weU known that aU flowing streams 
tended to purify themselves, that if ^ou oxidise any of 
these ferments, which were orgamo ferments of low 
structure, you practically disintegrated them, and fil- 
tration through the eiurth into a river which then flowed 
exposed to lignt and oxygen were conditions which tended 
to destroy the poison. Still, you could not depend on 
them absolutely, because there might be fissures in the 
land, and instead of filtering, the poison might pass 
through the fissure, and be taken direct into the stream. 
Therefore, the rule should be universal, that wherever 
typhoid excreta were known to be such, they shouldbe dis- 
infected or burned before being buried, because one of the 
very last cases he had occasion to invc^gate of typhoid, 
was a case in which the excreta of one patient haa been 
buried in aocordanoe with what was beUeved to be sani- 
tary nUes, but having been buried in gravel, it found 
its way into a well some 30 yards below, and gave rise 
to an epidemic. The rule should be to take the precau- 
tions referred to in the resolutions, and, in addition to 
that, wherever typhoid excreta were known to exist, to 
have them destroyed. 

The Chairman said if he did not think the resolution 
was of a practical rather than of a medical character, he 
should not be disposed to put it to the meeting. As far 
as he was concerned, he nad no difficulty in accepting 
the views propounded by Dr. Thome and Mr. Hart, 
but he might accept views and yet not feel entitled to 
record an opinion upon them; and on medical and 
scientifio qufesUona of this kind he pref ened to take this 
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poflition — to T)ase Imnaolf on the inquiries and opinions 
o the highest att&ORties on the subject; but doing that 
he did not wish eren then to carry the matter too far, 
but to limit the expression of his opinion a little further, 
and to say that he wanted some nractical view which 
addressed itself to his own mind, ana upon which he could 
feel himself entitled to exercise a judgment before pro- 
nouncing an opinion. In this case he was not prepared 
to pronounce an opinion on l^e sdentific question raised 
by Mr. North ; but, in the papers of Dr. Thome and 
MX. Uart, and in the experience and knowledge of the 
gentlemen present, there were ample reasons to entitle 
tiiem to express t^s conclusion, that a oomparatiTelj 
minute quantity of the poison contained in the evacua- 
tions of patients of a certain kind, when subjected to 
conditions favourable to its development, might lead to 
the infection df large volumes of water. They nad ample 
evidence to justi^ that proposition, and the practical 
conclusion to which the resolution led was one about 
which there could be no difference pf opinion. 

The resolution was then carried unanimously, and 
the Conference adjourned for luncheon. 

On re-assembling, 

Xr. Billar said he should have Eked to have addressed 
the meeting, more especiaHy in connection with the town 
of Aylesbury, and l^e sewage worklSiere, but it had been 
frequently described before, and it was not necessary 
to repeat it. He said tiiat, some years ago, the great 
difficulty towns had to encounter, was tlutt there were 
no known means of eoononucally dealing with this rreat 
question, but now many ideas had been started and ex- 
perimentally tried, and it was admitted thai there were 
several good plans for getting rid of sewage, so that the 
difficulty rather lay in the choice. He was not going 
to say one word in favour of the Aylesbury process, as 
it was wdl known, and had been vintcd by thousands 
of people, and he had never heard anything but satisfac- 
tion expressed at what was seen. The objection which 
seemed to be generally started was as to the cost, and 
as to that he preferred to say nothing ; because, vrbsn- 
ever peo|He were pecuniarily interested in any process, 
their words were received with great caiuiaon ; iSieref ore, 
he should prefer people making their own inquiries. He 
would rather speak on the general question of sewage 
procipttation and treatment. This question had been 
left to private enterprise. Whether it was right or 
wrong tnat this should be done was perhaps open to 
doubt ; but so long as it was left to private enterprise, it 
must be done from some hope of reward. Patent rights 
were limited to a certain number of years, which soon 
passed away, and unless towns had some outside pres- 
sure put upon them to justify them in increasing expense, 
they much preferred the patii of inaction. &elay was 
what they liked, and he could quite enterinto iSie feelings 
of gentlemen who had charge of tiie expenditure of money 
for towns, for it was a most mipopular thing to engage 
in any expenditure neoesritating the levying of rates, 
unless they were really compelled to do it. There seemed 
to be no compulsion exercised, because the excuse was 
so plausible : * * we really do not know what to do.** The 
Native Guano Company, which he represented, had done 
its part in the work, and he believed tney had solved every 
practical difficulty. The works were open to the inspection 
of anybody, and there were gentlemen present '^o had 
seen them, and could testify that the effluent water 
was practically innocuous ; uiat there was no offence 
whatever about tiie process ; that the manure so made 
had a very high agricultural value ; and that it could 
be done at a comparatively moderate cost. At present 
1h?re was a mat depression in asricultural industry, 
and one of the principal reasons wny this was not more 
taken up was that the fanners had not money to 
spend in manures. In fact, the land was suffering 
from the poverty of affricultorists. The result of an 
ex^xTiment he had ma£s with this tewago manure was 
tiiat one teed of oata planted by hixnsQlf with the 



manure produced in the atftman t^jiwaids of 7, "1 
grains. This showed that the depoait, nreaerved irm 
sewage without umng those elements wnioh dertrurtil 
the manure, had a very high agricultural valoe, oim '^ 
believed that the value consisted in this, tliat it w J^ t'-e 
natural manure for the ground. On iAnB prixMspir . t 
had been recomioended mat it Aould be tried on tkr 



continent, where people suffered so maciL &oan dl^.s.^ 
of the vine, and he had the satisfaction of ae^n^ ii. Ti> 



Times f a few weeks agfo, a statement thai for Um- nT< 
time ia history tiie zaivages of the p h p Hn mm faad hh*a 
suspended by the use of martiie, tlie faana of wrioar 
manure* produced at Aylesbaty. He believed tbe 
oultnre of Bimiaiid woidd be beDsfiftML w 
more pressoro was put oil towna to do 
^ea they were tavght tihai however Bxpemmv it 
to panif the sewage, it woidd be stiil mace 
not to do so. 

Wt B«&ry Cds briefly stated the snbstanoe uf ^ 
paper, ** Progfrssa wi^h Sewage moe U&e firvt Cunsr •» 
of the Society of Arts in 1876, submitted to the fcToti 
Congress, in 1879.*^ (See p. 123.) 

Xr. Cresswsll also stated the subatanoe oi iati pa|« 
"The Thames and its TributariejB** (aee p. 127), m< 
concluded by propoedng the following leaoliitioai: — 

'*That this Ckmference recommenda the Ooancflt 
arrange that a Deputation of Peen aod Mmilwiis ci ti 
House of Commons, with Ifembers of the Socie^. aai 
wait upon tiie First Lord of the TveaLsaty^ ttieH-s. 
Secretary, and Preddent of the Local Gomia.-*' 
Board, in order to urge the necestsity of paiif y in y 
Thames from sewage withoat further delay, esfwo: 
in the metropolis ; and to request the GoTenuiM.«* 
bring in a BiU to charge the Thamfle 
Board with doing the work, and obtaiimi^ the 
through the Metropolitan Board of Worik% 
to the precedent of the action of the School Boaid 
Public fUeraentajy Ednoation.'* 

Sir Benrj Ools seconded the zeaohxtson. He 
tibo Metropditan Board of Wotka waa in thib 
the greatest sinner. The sooner they could make 
the Thames Oonservaaey Board to do the 
rid of the pollution of the lltamea, the better for 
health of London. 









Hn Ohairman pointed out the difBcolty 
ocoinred to him in point of form. Tlie propcMl w»* t- 
request tiie Government to brinf in a Bm t^argnur t^ 
Thames Conservancy Board witii the duty of y t mHyi:^ 
tiie 1%ames from sewage without forther delay, r^ • 
<nally in and near the metropolis, bat, as he read ^ 
vBBolution, indading the wmde of the TliaiBnk I' 
then went on to say that the Thames Oonserrftar 
Boatd were to obtain the funds from the M ettofv^itw 
Board of Works. Now, they could hardly faeeonciMi : 
pay for purifying the whole course of the KverThaiaw 

Xr. Bawlinson, C.B., said it woald be wy difts^ 
for him, as a Gk)vemment official, to say ouk^ ob db:- 
question. He had listened with groat interai U ti 
remarks which had been made, and De did nut kitov l--* 
he had any objection to make to anything- wlui^ ^a 
been said. The subject had been put forwaid in a «*f^ 
interesting and somewhat amnsJag form, but ef otiL*% 
he could not tell tales out of school, or open ui> alj v. 
reasons why the Local Gk>verumont Boaid did« nr ^ 
not do, certain things. It must be self -evidcsxt, « ir- 
the matter was calmly oonsidend, that whene thtn* v r 
a multiplicity of inventions for the purpose of iVaLv- 
with scwase, the Local Qovemment Boatd, if it u*^ « 
any one of these sohemes and advocated ito ap|Ji<«:>* 
would offend the promoters of all the nfhisi . l*ia f 
was not true to say that the Government had &u d r 
anything. It had done a very groat dttd. It ^* 
cs&blisheda Roval ComsusnoD, and he aav Kfr. 
him Professor Way, who was Us ooUeagoe co tijr 
Cmnmi— ion, and he woidd say, bo doubt* if sjipialiil^ 
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bat he worked moet earnestly wiUi Ids ooUeagHeB at 
iiat questioin, how best to deal with sewage, for 
ight years. They exflBnined all Ihe prooeSHes known 
t that time, visited moet of the plaeeH where sewage 
as attempted . to be dealt with, and analyses were 
lade, net by onee or twos, bat by hundreds; aaod 
Qe member of the Gommissian, in the most tiberal 
mmier, oat of his own pocket expended not less than 
2,000 to facilitate ihe experiments of that ComndflBion. 
inoe then there had been neat progress, and the Acts 
ad been amended. Sir Menry C^e had stated tiiat 
lere was one dictatorial crotchot for all sorts of oases, 
od that was that the inspectors of the Board drove 
reiy district to parchaeelaind. He did not know how far 
lat was 80, but they (the inspectors) certainly had no 
athoiity from the Boazd to do so. One Ukang he 
as bound to say, that as far as iAtey were inf onaed by 
demists, predpitatioiL of acny kind did ndt ffxve een 
BSuent that coiud be oalledjrare. Asamdinfr it pree^- 
ited some of the sadts oi sewage, the emaent took 
way certain of the salts of the predpitante which were 
at in, and, theref oret, there was practically on impure 
rater ; either it might be injnrions or not, he was not 
repaied to say, but he would state this, that there 
rere various chemical and pxeoipitatinqg processes 
rhich had been in operaison now for several years, 
gainst which, as far as his knowledge went, there had 
een no compUdnt, either from xeeidait owners or lipa* 
ian proprietosB, as to the character of the affluent. 
liat should be taken into serious consideration, and it 
night be a question as to whether, although an efiSucnt 
ras not chemicalty pure, the patentees or towns who 
those to treat the sewage in that way should not 
le penrdtted to do so; for, in the eyes of the law, 
hey were, aaod must remain, ren>oneible for any 
lollution that might occur below them. He ^oug'ht 
t would be most monstrous if the Government made a 
lard and fast rule, and declared that in all cases land 
ud broad irri^tion alone should be used. With regard 
the towns t)elow the intake of the water on the 
ihames, he expressed the opinion that, if towns 
telow the intake of the metropolitan water com- 
Muiies would precipitate according to the best 
iroGOsses, he aid not conceive that the Thames 
(ToiUd be injured by the clarified water going in. 
i the Metrc^litan JBoard were, as moet unquestion- 
bly they were, under the obligation to preoi^tate and 
clarify the whole volume of sewage now tajcen in its 
mde state into the Thames, they would be doing no more 
han the duty that Parliainent imposed upon them and 
Ihers. And even though it would oost £100,000 or 
;200,000 per annum, that should not stand in the way of 
ts being acme. The^ had arrived at this poixit, that, with 
egard to the dealmg with sewage, it was absolutely 
mpossible for scores of towns to acquire the land 
leocssary to pnri^ it by broad irrigation. Again, 
.11 through Lancasinire, xorkshxre, and other manufac- 
niing districts generally, it would simply destroy the 
rade to compel them to take their pollutea water away 
nd filter it through land at a distance. The water 
hey mnst have &ty or dean ; as the life of l^ir 
rade depended upon it ; it was that which produced 
he income, and it must bo treated on the spot, 
[here had been H g^at bugbear raised with regard to 
he pollution of rivers, as if that was the greatest pos- 
iblc crime, and a thing not to be tolerated tmder any 
ircnmfftanoes. He comd only say that there were two 
ides to that question. Taking the West IGding of 
rorkshire, where the wooUen and worsted trades were 
tow situated, the value of that trade in the year, Pro- 
essor Way and himself reported, might be shown by 
he fact that the ffross som expended per annum in those 
rades amounted to £76,000,000 sterling. €on»paring 
hat with the rent of land, it sank into inaignincanoe. 
kftsnmJTig that there was some injury done in polluting' 
hese Btreama by liiat trade, and that they never ooold 
lope to get them book into a pure statei he still made 



the assertion broadly that, bad as the rivers were pol- 
luted, when a detailed examination was made by t^ 
medical officer of the diiHridt, if the waters of those 
rivers were not used for domestic and drinking 
pmEposee, they were very Bt^e infarions to "fiie health 
of human bemgs. A pofllttted river was not neces- 
sattily a health-destroymg river. There were pro- 
bably no rivers so poHuted as those which traversed 
Manchester, but they had a house-to-house deftatled 
examination, and Tetmrus of the local mortidities, and 
thottgh he did ttot mean to say that tiiese poUnted rivers 
did ndt effeet some injury, singnlarly enoagh, the mor- 
talHy on the margin of those rivers was much less than 
in streets further away, where thcfre were a superior 
class of houses, but where there wcare cesspits more 
crowded together, and there was less sptee for ventila- 
tieta. He did not mean to say that these riven should 
be left as they were, but the greatest obstruction and 
pdhition from manufacturing was not so mudh thd 
(^emical ingredientsas the me^anical refuse throwniiifto 
the bed of tne stream. Many of the fluids passing from 
a mtotrfafltory, apparently ddeterious, were reaHy 
puriners, and it would be a bad day for Lancashire, 
Yorkshire, and other places where manufactures we^ 
carried on, if the iluids from dying "tad bleadhing 
worlfi^ Were prevented gfoing into the (Aream imiSi some- 
tMag was done to keep excreta etrtirely out. 

tBpWta iKraglas Oahon saSd he i/hould like to supple- 
ment somewhat the hi£rt;ory of the pollution of the 
Thames, so ably described by !Mt. Oresswell. The 
Metropolitan Board of Works was created in 1855 for 
the purpose of purifying the Thames, and sewering 
London. Tliatdutywaslaiddownin the Act constituting 
the Board. They were told to draw up a scheme for 
relieving London of its sewage, ^and for placing its 
outfall beyond the limits of the metropolitan district^ 
the plan to be subject to the approval of the Gk}vem- 
ment. Mr. Frank Foster drew up a plan, and, when he 
died. Sir Joseph Bazalgette succieeded hun. The plan 
was submitted to Sir Benjamin Hall, the First Com- 
missioner of Works, who appointed tluree gentiemen to 
report npon the scheme, Mr. Bimpson, President ctf 
the Institute of Civil Engineers, Mr. Blackwell, C.E., 
and himself, of whom he was the only survivor. 
They examined most carefully into tiie plan, and sug- 
gested some alterations in the capacity and the detans 
of the sewers, the object of which was to prevent the 
flooding of low-lying districts, whidi they antidpated, 
and reported that the outfalls at Barking and Orossness 
were certain to cause deposits of mud in tne channel, and 
to prove injurious to the sanitary condition of the river. 
After long inquiry, tliey recommended that the sewage 
should be carried to a point in the river about four 
miles below Oravesend, and there turned into tiie river, 
where it was above a mile wide, in very deep water, 
and where the inflowing tide comes in upon tne south 
side and the ooAAowibg tide goes out on the north side^ 
and they suggested that the outfall of the sewage 
ehouM be plaoed at that point. They fmther sng> 
geeted that oy means of a chamiel, constructed on the 
principle of utilising the rise and fall of the tide, tho 
sewagfe from 91 square miles of the metropolitan area, 
out of 1 18 square miles, the total area, mi^t be carried 
to Sea Reach by gravitaticm, without any pumping, 
leaving the sewage of 27 square miles only to be pumped, 
whereas the scheme of the Board required the sewage 
from 93 square miles of the metropolitan area to be 
pumped; some of it twice over, and removed the sewage 
from 26 miles only to Barking by gravitation. Th^ 
showed that the cajritalised cost ox tiie pumping und^ 
their scheme, and of the sevrer required, womd be less by- 
several millions than the canitaHsed cost of the punrafinR' 
done by the Metropolitan Board of Woifts flBBrd of v tt m 
sewers. This report was re f e n ed to the KetropefitaA 
Board bv Sir Bienjamin Hall, and dbcturiknis inNto 
taking place upon it, iHben Ab tim Govmament w tM t L 
ovt« dL n0w GfFvntiiMBt cwne liir*"iiovA ^clA 
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HamiexB soooeeded Sir Benjamin Hall — ^he pro- 
bably did not like the responsibility of the de- 
oidoin, and, therefore, introduoed an Act of Parlia- 
ment which relieTed the Government from the 
neoeasity of approving of the plans of the Hetropolitan 
Board, and they were left to do as they liked. We now 
saw the result. It wonld be quite possible to oairy the 
sewage down to Sea Beach, but weoonld notnow, wiuiout 
an enozmous reconstruction of the sewers in London, 
carry down thereby gravitation thequantity which might 
have been earned had the scheme of the referees been 
adoptedinthefirst instance. He beUeved, however, that it 
would still be a more economical plan to carry the 
sewage to Sea Beach than to spend £100,000 or £200,000 
a year in clarifying it. The referees further suggested 
tluit, where there were outlying districts around London 
not included in the Hetropolitan Board of Works dis- 
tricts, there should be some arrangement by which the 
sewage of those places should be brought to the out- 
fall at Sea Beach mto connection with that of the metro- 
polis, because the referees saw the very great difficulty 
which must arise, in towns like Bichmond above Lon- 
don, and affain in towns beyond the metropolitan 
boundary below London, if they were to be obliged to 
devise independent schemes of sewage. The only point 
in which he differed from the resolution was with re- 
gard to relieving the Metropolitan Board of Works from 
the duty. B^use, notwithstanding they had not 
fully performed the duty of placing the sewage where 
it would not pollute the river in the metropolis, 
still they had done an enozmous deal in London ; 
their works had been carried out remarkably well ; 
their embankment was very good, and the sewers 
were admirably constructed ; and he was quite 
6ertain that Sir Joseph Bazalgette would be competent 
and prepared to carry out any scheme he was ordered 
to do by the Hotz^c)politan Board. He, therefore, 
thouffht the duty should rest entirely upon them to 
oomj^ete the f ulmling of the oonditious of their original 
Act of Parliament. 

The Chairman said he still had some objections to 
the form of the resolution. Although one objection 
he made had been remedied, two other objections still 
occurred to him. Ho thought the resolution was too 
vague in its statement of the evil to be remedied. The 
proposal was to purify the Thames without dday, but 
if uey passed a resolution of this kind, meant to be 
directed against the non-fulfilment of their duties by 
the Hetn^litan Board of Works, it ouj^t to specify 
the respect in which they had failed. Then the con- 
clusion was that they should ask the Government to 
charge the Thames Oonservanoy Board with the doing 
cd this work, taking it out of the power of the Metro- 
politan Board, but making that Board raise the money 
for the operations of another body. Now, whatever 
thev might think ci the shortcomings of the Metro- 
poUtan Board, it did strike him as very useless to go 
to the Government and ask it to transfer the power 
from the properly-constructed authority in the metro- 

Barea, and to give their business to another 
and still make them pay for it. He, therefore, 
„ t the resolution wanted a further modification, 
and if they thought it necessary to draw public atten- 
tion to the failure in their duties of the Metropolitan 
Board, that failure should be specified, and the Board 
itself should be called upon to remedy the failure. 

Mr. Chadwiek, C.B., perfectly agreed with thetenour 
of the Chainnan*s objection. Whatever resolution was 
passed should, he thought, be subject to consideration and 
discussion in the Council, for there were a great many 
objections to each of the points which might be heard 
in, the Council, but which would be too long to discuss 
than. 'He oould occupy an hour or so upon one or two 
of thorn. The mat pomt was to have the char^ that the 
Keitiopolitan Boaia had failed in its dutv fairly deter- 
Mined. llkAt at pr c a ea t, was somewhat tub judia 
Iwi w wBA than mdthe ThametCanaonratots, who alleged 



that they had failed, and that what they ought to do 
was to prosecute that settLonent. It was quite dear 
that they had utterly failed, for they had expended 
some four and a-half millians of money to ponfy the 
Thames, and had utterly failed to do so, aluoogb by 
other methods, of whidi they had now practical ex- 
amples in different parts of the country, half the nxa 
of money spent would have accomplished the object. 
Instead of sending the whole mass of sewage ofer 11 
miles down the river to one point, the antecedent pUn 
which he had proposed was, by sewen and pnmpinir 
power, to radiate it out in the direotion of demuid, or an 
facilities might occur for disposing of it. A Qennaa 
engineer who had charge of anver in similar conditi<xtftn 
those of the Thames, and who oame over hero to inspect 
the metropoUtan plan, rejected that plan, and went Uric 
to the system of radiating out the sewage in the directiun 
<rf demand. That was now in progress in Beilin under 
impartial, and, hehoped,oompetentskilfnl treatment. He 
doubted if the Metropolitan Board was large enoasrh u> 
carry out this enormoustask, and thought it would have to 
be reconstituted. On this ground, ho saw oonsidenbl^ 
difficulties in the way of tiie resolution as it stood, sod 
thought it would be better if it were simply confimd 
to a statement of the fact that, according to all aooount^ 
the Metropolitan Board of Works had failed in eff ertxDK 
its object, notwithstanding the enormoos expenditore, 
and that that failure ought to be the subject of inqmry 
by a select committee in Pariiament or oUierwise. 

Mr. Creiswell said that havimg received such on inti- 
mation from the Chairman, he would most willingly 
yield to the invitation given, but he felt he had no 
right to do so without the consent of the meeting. 

Mr. James Wylde remarked that he oould fully ood- 
firm, from personal observation, the truth of Hr. 
Cres8well*8 statements in respect to the lliames. \jA 
year he had made, on frequent oocasionA, between April 
and August, careful examination of the riTer from 
Bichmond to Gravesend, and had never seen it, duiing 
the laet 20 years, in a worse condition than during July 
and August of 1878. The soluble and suspended 
matters were very g^reat, and at a temperature of 80" 
to 84^ Fahr, the stench, in the months last named* 
was sickening. Mr. Wylde added that he had sooum- 
panied tiie Metropolitan Board during their trips to 
Ghraveeend in November. The results were nesttiTt, 
but this was easily accounted for. Heavy floooi had 
preceded the date of these trips, and they were under- 
taken when the air-temperature, on each dav, did nit 
exceed from 32^ to 38^ Fahr. Under sudi circmD- 
stances, of course, it was scarcely possible that theriTpr 
could be ofi'ensive, as the filthiest ditch would then 
cease to be so. 

Mr. Birkett said he should heartily samMOi the re««- 
Itttion if it were so enlaiged as to indude all Cooatf • 
vanoy Boards, because it was not only the Thsmec Coe* 
servanoj Board, but Boards throughout the kingd*»^ 
which had sinular work to perfonn. Be thought it 
would be also well to leave it a question as to who «*«» 
to pay the expense. The tendency of the diactuiauo 
seemed rather to be in the direotion of legislatico in 
these matters which he thought was a miatake. The 
duty of the Society was to find out the evil, end tbto 
the suggestion would go with such wsa^t to tbr 
Legislature or Government, that it would be reoei^td 
wiUi some consideration. 

The Chairman said the proposer and seconder of thr 
resolution now proposed to change the form to thf 
following:— ** That this Conference reoomnieoda the 
Council to arrange that a deputation wait opoo ^ 
Gk)vemment to urge the necessity of taking foitber 
legi^tive means to prevent a oontanuanoe ^^^ ^ P*! ]^ 
tion of the ThameH by sewase.*' If no one el«e h*i 
any remarks to make he would put it to the lacotiB^* 

The resolution was carried uaaaimooaly. 
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Mr. Chmdwiek then stated the sabetanoe of hia paper, 
Course of Inquiry as to Works of Sanitation, and 
■i to their expense and results. ' ' (See p. 130.) He also 
igjrested that in all places where ihe death-rate had not 
oen decreased, speoial investigation should be made to 
scertain why it had not done so. He maintained that 
>r every £1 per house wisely expended on sanitaiy 
orks, thedeatn-rateought tobereducedby one per 1,000. 

Mr. Chadwiek further stated, in respect to the 

nirse of examination displayed in the paper on the 

'orks at Ooydon and Bedford, and undertaken for the 

iformation of the Belgian Government, that such ex- 

ninations ought to be made general as to the results of 

U outlays for sanitary works, and should be employed 

lore closely, strictly, officially, and responsibly for the 

rotection of the ratepayers against works which, 

istead of relieving, ag^;ravate the ourthens and the evils 

rhich are inherent to msanitary conditions, and throw 

Iscredit upon sanitary science. The first questions which 

ught to be insisted upon, in relation to past expenditure 

Q works for sanitary purposes were— I>id thev or did 

hey not zeduoe death-rates as promised ? ana — ^Were 

tiey paying ? If not, there had been culpable ignorance, 

laifeasanoe, or misfeasance, to which serious re- 

ponsibility ought to attach. For the future such 

laminations would serve to show more clearly 

iiaa was yet generally known what did do, as 

feh as what aid not do. On such examina- 

ioDs, as those he had displayed in his paper, it 

ras proved that an expenditure of about £5 per house, 

r of about £1 per head of the population, for combined 

rorks of water supply, and house and main drainage 

-roughly carried out, as they had mostly been — 

ffectcd reductions of death-rates to the exteoit of five 

iQT thousand of the population. In other words, every 

K>und per house of expenditure correctly applied had 

iffected and would effect a reduction of one death per 

housand of the population. An examination of the 

tssults of some milnons of expenditure, attended with 

lugmented burthens on the rates, was due to the rate- 

>ayem and to future progress. Long after the works on 

vhichthat expenditure was incurred had been oom- 

>lctcd, and were in full operation, the death-rates in the 

aetropolis, which an effective expenditure under sound 

laaitary sdeuce would have largely diminished, had 

"emained stationary or had increueo. For the two last 

ompleted decades, the general death-rates in the metro- 

>oU8 had increased. It was proper to note, too, on the 

ewage queetian, as showing now much light was 

^et needed — ^that even Sir Henry Cole had much to 

^anit and had especially to inform himself more 

'orroctly as to the character and value of the pre- 

enaions of some of his authorities. In his paper 

>n the sewage question he had used these terms: — 

* An opinion h&k been expressed by civil engineers of 

cnowledge and experience that sanitary science has 

)eeQ retarded by the antiquated prejudices of the in- 

ipectora of the Local Government Board in favour 

>f irrigation. .A late president of the Institute 

)f CivU Engineers once said to me— * The simple 

'csult of the utiUsation of sewage by irrigation 

•*) the production of a penny cabbage at the cost 

>f 6d., and a pestilenti^ neighbourhood besides.'" 

^i iA such engineering as this that allows a double and 

hroe-fold waste of water in diy weather, and, in wet 

n^eathor, throws the rainfall and the storm water, 

K'hich is due to the river, into gigantic tunnel sewers 

-by all of which excessive and wasteful dilution the 

inantity of manure had been reduced to a pezmyworth 

w even a halfpennyworth in a ton of watw, and ren- 

lerod almost valueless for carriage. Some such 

^ogmentation in expense as had been spoken '>f, 

J^th incommensurate amoimt of production, might be 

upUyed as attendant on the works of insanitory 

s&gineen. But the value of their dicta was dis- 

M^yed from more correct and economical sanitory works 




inside and outside the towns — inside the towns in 
self -deamdng house drauis and smeUess sewers ; outside 
the towns in unprecedented crops, such as of more 
than a hundred tons of mangdos to the acre, and in 
surprising cabbages of half a hundredweight each, 
of superior quality, and several worth sixpence each ; 
and, generally, in repeated instences such as were dis- 
playedatChx)yaon andBedford, where, whilstthe common 
agricultural production was as one, and market garden- 
ing as three and a half, the sewage yield was as five 
and more, and the qualities superior. As to the econo- 
mical resulto, an official inquiry on sewage farming had 
declared it tobe remunerative f orthe inve^^ent of capital 
under fair conditions of appropriate economy, unextor- 
tionate rente, and appropriate skilled labotir. It might 
be averred generally that the efficiency and value of 
sanitary works such as those in question, and of the 
qualifications for sanitary engineering, might be tested 
popularly by the nose, from foul smeOs in the house, in 
the streete,'and on the field, which denoted waste of 
manure, as well as by continued excessive death-ratee 
and ill-remunerative works. 

Mr Baldwin Latham then steted the substance of his 
per, ** Works of Sewage and Sewage Disposal — 
on Sanitary Authori^.'' (See p. 136.) 

Sir Henry Cole asked how long the brick rubbish used 
for the filter would last ? 

Mr. Latham said there was no limit pracUcaUyt 
because it was self -purifying. It was worked on the inter- 
mittent principle. Oxidation took place, and the soluble 
matters were washed awav. A filter, six feet deep and 
one acre in extent, would purify the sewage of 3,000 
people. 

Sir Henry Cole said he was not, as some people seemed 
to suppose, a disbeliever in irrigation. He suspended his 
judgment upon the value of water-carried raw sewage 
for irrigation, but in order to show that he was quite 
unprejudiced, he would tell the story of a sewage farm 
whose residto wore about as good as Mr. Latham's. 
The Duke of Sutherland's seat at Trentham was within 
two miles of Longton. That town had a very few 
water-doeets, but a great number of houses, of which 
the TnMHf iTia drained into the sewers, whilst all the 
storm- water was kept out of the sewers, and, therefore, 
all the valuable properties of the excreta from the 
middens were preserved. The Duke had, also, an in- 
exhaustible quantity of thirsty land at Ttentham, and 
the result of taking the sewage of Longton, and putting 
it on his farms as it was wanted, had the effect en 
doubling the ^nTinal yalue of the land, whilst the town 
of Longton gave him £600 a year to do it, and rid the 
town of ito filth. But this financial success was nearly 
unique. 

Mr. Grindle (of Hertford) said, being the engineer to 
the Buckhurst-hill Sewage Works, he might state 
that there were four filters, 40 feet square and 6 feet 
deep, made of crushed burnt ballast. This material, 
when examined under the microscope, appeared almost 
like a piece of charcoal, full of pores. These inter- 
mittent filtration works were constructed in 1872, 
and had been in successful operation ever since, and 
never changed. Each filter was allowed to rest 18 
hours out of the 24 for aeration. The effluent 
had been analysed, and ^ve verv satisfactory resulte. 
It was poured into a river called the Boden, which was 
a very small stream. He should think the effluent was 
about one-tentii of the stream. 

Sir Henry Cole said one of the highestohemical authori- 
ties having analysed the water in a similar case, thought 
it was quite safe to put the effluent, filtered in that way, 
into a stream of 10 times ite volume, but another 
autiiority, equally eminent, said the stream should be 
60 times the volume. 
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^kwUmmtC»toii»l Jobm next gave tlie sobetanoe of 
^pafter, **SewageX>ispoaiJatWxexkBiiL." (Seep. 141.) 

Mr. Lemon asked Colonel Jones if he conld give a ! 
cbscriptioii of the machinery he naed for drying 
flludge? 

Colonel Jones said he described at the last Conference 
the machine which he was then using. He was at 
present using another on the same principle, which con- 
sisted simply of an iron cylinder of about 4 feet in 
diameter* made of light boiler plating, about 29 feet 
long, llie sludge was poured in at one end, and there 
was a worm insioe whicn kept It stirred about, and an 
iron pipe with a fan drew the gases from the furnace 
through it, the sludge being stirred about in the presence 
of the gas. The omy essential principle consisted in the 
action of the sulphurous acid gas of tiie fire on the 
sludge, forming sulphites of njnmoTiiA instead of allow- 
ing the ammonia to escape into the atmosphere. The 
same principle was utilised in the other mode, which 
was smiply passing the sludge through the furnace 
itself, but he thought that during was facilitated by 
blowing the hot gas through it instead of allowing it 
to pass thiongh the heated okamber. 

Xr. Colebrook said he was chairman of the Tjeading 
Sewage Farm Committee, and he might give the result 
ol their experience last year, partiouuudy in the growth 
of mangold under irrigation. The highest wei^t per 
aero was 110 tons, and the lowest 77 tons, which, he 
beHered, was the heaviest wci^^t ever Imown to have 
been grown. There was this peculiaritv in the growth 
of this mangold. It was intended, in the spring of the 
year, to irrigate the land while the crop was crowing, 
but the spring was wet, and they were not able to hoe 
the land when they wanted, and when they were able 
to do so the weeds filled the trenches, and they could 
not get the sewage on to the land while the crop was 
growing. He pointed to that for this reason, that he 
Delieved it was quite possible to overdose the land with 
sewage, and the result they obtained was chiefly owing 
to not having done so. The crop of rye grass was 
eq ually good. Last year they cut six exoeflont crops 
of not lees than 20 tcms per acre each crop, whilst the 
year before thoy had seven crops. This year, the spring 
being so backward, they had lost the firat crop entirely. 
They had rigidly excluded storm-water, and he at- 
tributed a great deal of tlieir success to the fact. 

Xr. Chadwi^k asked how they got on with oabbagee P 

Xr. Oolebrook said they had only tried cabbages 
twice, because the farm was as yet imperfect. One crop 
was very arood, but the other was spoiled by being over- 
dosed witn sewage, because they had not a 8i2&cient 
area of land ready to take it, and were obliged to sacri- 
fice the crop for the sake of disposing of the sewage ? 

Kr. Cretswall asked Colonel Jones if he had had 
sufficient experience of Mr. Shone' s machine to say 
whether, in such a place as Southport, where it was 
absolutely necessary to have a scries of pumping 
engines, such a machine might be applied with advan- 
tage ; and, if so, whether his experience enabled hiTn to 
tell the Conference whether there would be any economy 
in it oompared with the ordinary steam-engines ? 

Br. leatoa aaked Colonel Jones whether he appre- 
hended that some extra means would have to bo provided 
for flushing the sewers if storm- water was excluded f 

Oolonal JoBif said hisbdief was that, if the sewers 
were constructed for carrying sewage alone they would 
never require flushing ; the ordinary flow of the sewage 
would be sufiioieni, being always moving ; bat if, from 
any oxocptional cause, they require flushing, it could be 
done very readily, cither by letting water into them or 
from damming it up temporarily iu some places nT>d 
then letting the water go with, a rush. He thought it 
a great mistake to depend on the rainfall for flushing. 



It came at exaefly the time yon du not wmnt it . :: 
never came in dry hot weather, when tke^ sewers wlt- 
full of sewer gas ; and when it did oofme it left behc.' 
it a lot of tomL detritus which choked up tiie wtm^i 
In reply to Mr. Cresswell's qoeetian, be oonld i.< 
say that he had had sufftcient expecieskfle to fm 
a very decided opinion as to the syntem mtrnweras. 
on a large scale, but fixmi all he had eeen be «« 
nothing to prevent it, and it was thorougbly worth 2 
trial. He knew that one place had elmowt eoni{dFf t<. 
arrangements for trying it under aoonewbat mmJar 
conditions to those named, so that it would not be Iceu' 
before the question oould be answered from art'«ii 
experienee. The first objection whieh oomu r ed to e«^ 
one was, that eompxessea air was an expensive power 
but when it was examined it would be found that tw • 
pressed air had been always adopted with eddit»^ 
friction, which did not ent^ into JCr. Shone^s BBp^.-^- 
tion of it. He regarded it here simply ae a ln»- 
mitter of power jnst as a ookonn of waxer mmld do. t 
a strap fhnn one pulley to another. He then expUifc.1 
by the aid of a large diagram, thQ aotioai of Mr. Shbw** 
ejector. 

Captain tf alton said it acted very mnch like a 




Celonal Joms said there were often 
iiAoling -with pure water and sewage in the 
but it would be very simple to have two of 
one to sumply the house with gLsoji water, 
to eject the sewage, both worked by one 
pressor. The great advantagea of tlna 
was that the ejeotou might he laid down 
parts of the town, and all worked fram 
point, and water power might be applied for 
ing tibe air jnst as weU. as a steam-engine. 

Xr Benry Xasters then explained the prim:^ 'i 
sewer ventilation, '*The Doable Check SysUn ^ 
House Drainage." (See p. 144.) 

Xr. Aloook asked if he rightly understood the Q*^ 
to be that of carrying draina under eyesy house witk i 
pipe oneaoh side. 

Xr. Xaatars said the principle oonaisted of eamr« 
the air right through a pipe which wae open at b^ 
ends, so as to keep the dniin oon^ttantly frev fruai &» 

Xr. Banner then demonstrated bin piinc^kv L* 
system of house sanitation, and exhibited a muoi^ -< 
his cowL (See p. 147.) 

Dr. TeUL asked if itwaanot iocmd in 
made at Kbw, that open tabes weee equally m 
as 00 wis P 

Xr. Banner sud that was the opinion arrived at«>lt 
the conditions in which some were tried. The Ban..* 
cowl was not one. of them. He then ftttod a «-* 
cowl to the end of an india-rubber tabe 60 feet kec 
to show its effect in extinguishing a light at 
other end. He said with regard to tae experinux^ 4 
Kew, there were several practical ways in whkl. '* 
question could be properly tested without guing c^ f^^ 
experiments as were adopted there. At Gfnj's U«r 1- L 
for instance, the discharges from one aeetioo oC *• » 
hospital were delivered into a 15 -in. drain, 300 or 4<x< ^ •! 
long ; a cowl was raised upon that, and the power 1 1 
was to draw the air or gas the reverse way Cram th^t :'i 
sewage was running, and discharoe it abow thr r • * 
and since that had been done 3iey never had : i 
maUest smell at the inlet If it wore oontendcd xht' -f 
could be done without, all they had to do was t«> ^u• * 
the cowl taken off. There were hundreds vd i^-* 
where the same thing oould be done. 

Xr. Wolstonoroft sugapstsd that the snaH b^ 
cowl which Mr. Bannerhad been exbibil«B|r *» i« 
quite the same as those praotioally used, beoaoA ti^' 
was no arrangement to enaUe it to revdtfe, aad tksi • 
aoted more olosely on to tba tabe. 
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Mr. Buuiis 0xpIaii>ed that thi« nuida no appreoiabla 



Tha Ghainpuui, eaid bd thonaht the Conlecenoe oonid 
lot go into tii0 mantaol speoino iavontionfl. 

Dr. Beaton (Nottingluun) naxt read his papes, *' On 
he Substitution of the Pail System for the Irivj Midden 
{ystem in Nottuurbam, and its efieota in xeduoing 
be Mortaliirr aao Sidoiflaa feom Bnterio and Continxifid 
Tevefs.'' (See p. 156.) 

Mi. Bixkett asked if Dc. Seaton bad made an^ oalcn- 
ation as to wbat was tbo saving to be derived per 
housand of population where the sewage was properly 

itiliaed? 

Dr. Soatoa said they did not manufaotore it all. 

Dr. Tripe said it would be intemeting to know what 
las theiednotion in the deajth-sate, in oonsequenoe of 
be introduction of this system. 

Dr. Hovth aakad what was tiie cost pes house, this 
)eing a point on which many towns wanted accurate 
of ormodon, and it was bacdly possible to get to know 
ibe pieoiae oofit of this plan, because it was genecally 
K) mixed up with other expenses. No one doubted 
t was an enormous advance on the old nudden. system, 
md the gseat question foe b>oaL autboritiea to oonajder 
ras what was theoost. 



Dr. YaohaP aaked ii tbd as^iragie in paiU- was at once 
ateated wilJi dry silted ashes, beoaose there would be a 
n%at difference whether the soil was left in pails, as at 
xochdalo, or treated with some dry material at once. 
[n the.case of typhoid or cholera patients, it was very 
mportant that something dry should be thrown over 
he excreta, so as to keep them down in the pail, and 
prevent them polluting tne air. 

Hx. Teld adrad what inorease in the rating had been 
iatued by the introduction ol this system. It was a 
rery important paper, bi^ it was too late for a public 
liBcassion upon it. Many large towns were experiment- 
ng in the same way, and the tub or pail system would 
le more readily adopted were it not for fear of the 
(xpenae, inaamucb aa local Boards wese very oltan more 
ipt to consider the question of oosi rather than that of 
be publin health. 

Df. Bottlansaid of oourae the vahie of the manure was 
XNuuderably inoraaaed by ooHanting it in pails. At 
[KSBsent the value was 28. 6d. pec ton as Mainst Is., 
mder the old privy system. He coold not furnish the 
jost per honee, but he eeuld give the total oost of the 
vorkmgof the night soil department for tiie past year. 
[n answer to'anothev questicni, he said the owner <n the 
louses bom the oost d the alteration. 

Mr. Alao9k asked if they found the owners obiected to 
nake the alterations, and if so, whether they had had 
my experience of their power to enforce the new sys- 
bem? 

Dr. Sfftton said in some cases thev had had a good 
leal of opposition, but ia those cases they had proceeded 
igainst toe owners for a nuisance, and had found no 
iiificulty in getting the law enforced. He had had no 
tieHitation in declaring that a privy midden in close 
proximity to houses was a noisanoe and injurious to 
tiealth. 

Mr. Aloook asked if he had had any experienee with 
regard to isolating cases of infectious diaeaae by the 
(Turking of the new system? 

Br. Baatsn said it was one of the advantages of the 
pail system that, when infectious diseases prevailed in a 
^ouse, you could take special means for the disinfection 
if diflcharges. They used dry ashes as much as possible. 
The pails were simply smidl movable middens, into 
trhich the dry ashes and refuse were also put. 

Mr. Aleook asked wbat was the frequency of removal, 
uiy , in an ordinary house, occupied by one jperson with a 
family or servants, or a tonemented house P 



Dr. SaatQii said there were altogether in operation at 
the present time in the extended borough 10,000 pails, 
and there were 15,000 removals per week, showing that 
some were removed once a week and some twice. ^ Tbo 
cost per pail was three farthings, the men being paid by 
the number of pails they brought in. 

Dr. Sysoa asked if they abolished ash-pits ? 

Dr. Seaton said yes ; tiie pails replaced the ash-pits. 

Mr. Alooek inquired what the three farthings per 
pail covered ? 

Dr. Beaton said simply the labour of removal. 

Mr. Sorth said it was stated last year that at Roch- 
dale the nett cost was £10,000 per year, or about £1 per 
house, which was a very considerable item to have to 
bring before a Oorporation. 

Dr. Seatoa said the total oost of the night soil de- 
partment during the past year was about £10,000, which 
moluded the removal of ashes. 

Br. Tripe said he presumed about £3,000 of that 
would be due to the removal of the ashes. 

Mr. Longdin, Borough Surveyor of Warrington, said 
in that town there were about 4,000 houses on the pail 
system. They collected the excreta and ashes in separate 
pails, and took them to a depdt about one mile from the 
centre of the town, the ashes were simply burnt and 
screened, and the fine ash was mixed with the ex- 
creta and sold as manure, but they were not at aU 
satisfied wi& the process ; at the same time they held 
back, wisely he thought, for the present to see what 
other peoi>Ie were doing. The cost per head of the 
total working of the night soil department waa, includ- 
ing, interest on land and building, &o., at depdt, 8d. per 

Mr. B. W. Korth remarked that some of them were inte- 
rested in towns where there was no collection whatever at 
present made by the Corporation, and they would like 
to know the cost of starting such a system. In the 
town be represented, to talk of an expenditure of £10,000 
a year would frighten people at once. Ho believed it 
was said last year that the cost at Bocbdale was £1 per 
house after deducting what they obtained by the sale 
of the manuf aotiued manure. 

Dr. Bysoa believed that the total cost at Rochdale, 
under the new system, was less than under the old. 
Certainly, at Manchester, the cost of the old midden s^- 
tem was very much greater than the oost of employing 
the p ftj l ti. 

Mr. Eewson said he resided at Rochdale, and he 
understood that the cost of the pail system was much 
greater than that of the old ashpit system ; he also 
understood that in Manchester the cost of tike night 
soil department had doubled within the last few years. 

Dr. Teld said there was a great increase in the cost 
at Birmingham owing to the adoption of this system. 

Dr. Wilson said until the introduction of the pail 
system] in Rochdale they could get no one to 
scavenger the closets at all, unless at a greatly increased 
cost. The charge when Uiey gave it out by contract 
was yearly increasing, and tbiox) was a corresponding 
decrease of efficiency in the way it was done. At that 
time Rochdale was in tiie unfortunate position of 
having a death-rate very much in excess of what it 
ought to be, and if they considered the poaitton of 
suSi towns, the question of oost ought not to occupy 
such a prominent position as it had done. In Notting- 
ham they were under peculiarly favourable conditions, 
because they could at once get rid of the collected 
matter. It was made a strong point yesterday that 
there ought to be no appropriating of water from one 
district to which it more naturally belonged, and 
sending it to another, and Rochdale, on the same 
princi^e, thought it far better not to send their 
excreta, or poisoned water, into other districts. That 
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was another and very serioua element in the oost 
of thiB AjTBtem. He oonld confinn what Dr. Seaton had 
said as to the lessened death-rate from fever, although 
he had not the statistios for the jcars since 1874, still 
the constant tendenojof that rate was downwards. When 
Br. Lyon Playf air inquired into the health of the town, it 
was found that Rochdale might be divided into two dis- 
tricts, one in a good sanitary condition, and the other in 
a bad^ and it was then shown that the death-rate of that 
which was in a good sanitary condition, was 23 per 1,000. 
Since that time the town had largely increased, with a 
corresponding increase in the density of the population, 
but he could state now that the general death-rate for 
the whole was about the average which was then stated 
to be that of the district in a good sanitary condition, 
and to make up that rate, of course there were many 
parts where it was considerably under 20 per 1,000. 

Xr. Korth saadnoone could doubt that the pail system 
was preventive of disease, but the question was how 
much it would cost a Corporation to do that which it 
on^t to do, in a case where hiliierto it had done 
nothing ? Judging from the knowledge he obtained at 
Rochdale, he came to the conclusion that the cost would 
be about £1 per house. At present, as far as he could 
ascertain, it cost the occupiers of houses on an average 
from 3s. to 48. per house for removal at intervals of 
three or six months, when it was done by private enter- 
prise, and not by the Corporation. This was about the 
oost in York. 



Br. Wilson thought that Mr. North had not taken 
into account the peculiar difficulty of Rochdale ; the 
whole tiling was forced upon it because it could not get 
rid of its manure, as many neighbouring towns cotud, 
having a large agricultural district surrounding them ; 
but the total cost was much under £1 per house, pro- 
bably nearer one-half that amount. 



Xr. Behofleld, of Rochdale, said that place had been 
passing through a period of transition from hand labour 
to machine labour, and although the cost of the machines 
had been considerable, that could not be taken as a 
criterion of what the system would do when it was got 
into fair operation, and it did not follow because the town 
had heea put to a large expense during the past year, that 
it would oe in the same ratio afterwards. Wken tiiey 
oommenced in 1870, they had only 527 closets under the 
pail system ; it had gone on, until last year there were 
960 without {Mils. Kow there were only 1,000 of the 
population with the old closets, and 2,000 with water- 
closets, and probably within the next few months it 
would be entirely done under the new system, and that 
almost entirely without compulsion. 

The Chairman said he hoped now he might be allowed 
to bring the proceedings to a close. The first question 
which occurred was how the previous Conference com- 
pared with the present, and wotdd the result of the 
present afford a sufficient inducement to gentlemen to re- 
assemble next year. In that respect he thought he might 
congratulate the meeting. Theyhadenlaiged the subject 
matters of inquiry, and if some portion of tiie vast and 
complex subject had rather becoi put in the shade, it was 
simply from want of time to f lilly mscuss every point. He 
referred espedaUy to the subject in the paper of Dr. 
Seaton. This (Conference had^diown such a special 
interest in this subject that he regretted it was not 
taken eariier, but probably the Council of this Society 
were led to place it rather late in order of subjects be- 
cause it had been discussed upon many previous 
occasions, and the Conference nad already passed 
resolutions on the subject to which he would draw 
attention. In 1876 and 1877 the following resolutions 
were passed: — 

1876. 

That the protection ot pnblio health from typhoid and other 

diee a w i, demand that an amending Act of Ilirliamctit be paMwd, 

a* eoo a ae po erible, to aecore all hotue dniiu ooonccted with 

wwna in ths mstroooUa* and towns harinflr an urban 



authoritff ehoiild be placed under the inapeotion and cootrol of 
local Muiitary aathoritiea, who shall be bound to aee to the effeetiv« 
construction and due maintenance of all audi honae drains, pipm, 
and connections. Frorisifos having this object in view afrttdj 
exist in ihe Act constituting the Gommissioaera of Sewers in the 
City of Londoui in the Metropolis Local ManagenMUt Act, t«S6» 
dnd in the Public Health Act, 1876, but pimdiaally thej seem 
aoarcely snffldent for the purpoee. 

1877. 

1. That the pafl system, under fvoper regulatiavis for eariy sod 
frequent removal, is greatly superior to all priviea, la as puul s, a^ 
pita, and miAAtm^ tatd iKJiiiifiTS many manifold advantages m 
r»ard to health and cleanliness, whilst its results in eoonamy sad 
utilisation often compare favourably with thoae of watcr-osmed 

2. That hitherto no mode of utilising the eaunda has been 
brought into operation which repays the cost of colleotaoo . 

3. That the almost uniTenukl practioe -of miTing aabes wifii the 
paO products, though it applies these aa a convenient abaorbcDt, 
and possibly to some extent aa a deodeiantv is injurious to ths 
value of the excreta as manure. 

4. Tliat, for use within the house, no system haa been found i& 
practice to take the place of the wster-doaet 

5. That, although there are appliances and amagementi hj 
means of which the sewer-oases mav be effectnally pravented fnn 
entering houses, they still oo so in the great majority of dwcUtDgs. 
both in town and country, including the metropolis. 

6. That it is of the liig^iest importance, ia a santtaiy pdiit 
of view, that the metropolitan and local authorities shoold 
exercise great vigilance with respect to this matter, and that it 
should be made by law the duty of these bodies to enforce dfidest 
measures for the exdusion of sewer-gases ftrnn dwdUingB, sad to 
watch over their being efficiently cairied out under such a srstaa 
of payment as shall not press too heavily on thoae atwhosechaigs 
the work ia done. 

7. lliat in every large town plana of its drainage shoold be 
deposited with the local antborities, and be Booessible to the 
public 

8. Tliat all middens, privies, and cesspools in towns should \» 
abolished bv law, due regard in point of time being had to the 
condition of each locality. 

He took it, therefore, that this Gonfetence, not only 
this year but in previous years, had always been of 
opinion that privies and middens ought to be abolished 
within a reasonable time, and that the pail mtem was a 
vast improvement on those old methods of aeaUng with 
excreta. They had not exhausted, and probably had 
not had sufficient experience to exhaust, toe question of 
the comparative cost of the pail system, which was a 
very interesting subject of inquiry from the point of 
view of those especially who believed in the sjrston u 
one calculated to prevent the spread of disease, and who 
desired to know the cost of its apj^ioation to the toww 
in which they were interested. They had had fignree 
from time to time on the subject, and he would ventorD 
to suggest tiiat, next year, their friends at Bochdsk, 
who hjM. been improving and completing their machinery, 
should come prepared with a special statement of the 
cost as comparea with other methoda of dealing with 
sewage, with the object, not merely of showing what 
they had done, but of infonning the representatiTW 
of other towns on the subject, and d **nMiM them to 
judge how far the pail system could be applied to oth«r 
oommunities, and at what comparative ooet. He had 
always felt, and had said on former occasions, that at 
any rate the pail system was efficacious. Yon dealt 
with the evil at its source, and in some respects before 
its source — at any rate before the source of that gte»i 
evil of modem times, sewer gas. If you dealt with 
excreta in the house itself, however troublesome aod 
expensive it might be, compared with some other system, 
you dealt effectively with it from a sanitary point of 
view. There was slao another advantage. It might be 
a costly system if you took the cost per heed ^ the 
population, but, at any rate, you had this advantagr. yon 
were not sinking money which might be mistakrnlj 
sunk in large works, which might turn out to be ooe* 
: structed on some wrong principle, or which, even if thrj 
I freed you from the source of evil, might carry it to your 
neighbours. Therefore, he said, that in the prasent state 
of knowledge as to t^ methoids of purifying sewage 
conveyed by water, unless you had a laige and dense 
population and some easy opportunity of an outlaU, it 
might very well be the l^ut costiy method, In the Imif 
run, to be contented for the present with the pail syiteca. 
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lowever, he did not think it was a sabjeot on which the 
k}nferenoe would like to arrive at a resolution at pro- 
mt, but he hoped their friends at Boohdale would bring 
iirther details as to cost next ^ear. During these two 
a jB there had been a great variety of interesting papers 
ad discussioDS, and certain resolutions had also been 
assed. The first day was appropriated to discussion of 
be great question of Natiomu Water Supply, on which 
resolution was passed, and it was determined, after 
smdderable discus8ion,that the meetixig would adhere 
i the policy taken up by the Coundl and the Con- 
irenoe last year, and throw on the Government of the day 
tie onus and responsibility of dealing with the question 
y a Royal Commission of Inquiry. He did not know 
rhat the probabilities of action were by the Gk)vem- 
lent ; if they acceded to the request of the Council, 
onve^ed by the Prince of Wales, then the}r had reason 
> believe tnat the whole subject would be investigated 
•y the most competent scientific knowledge, and cer- 
unly no sdentinc men connected with this subject 
rouJd be oUierwise than satisfied by the subject being 
iealt with, explored, and explained by such a machinery 
s that. If the Government did not accede to the re- 
aest, then he thought that the Society of Arts should 
akc some action, without waiting for next year's Con- 
erenoe, and he hoped they wouldulow him, as Chairman, 
D such a case, to press on the Society the necessi^ of 
along some immediate action on the subject. Then 
ame the exceedingly interesting papers of JDr. Thome 
nd Mr. Ernest "Haxt, and the oontnbution to the same 
ubject in the speech of Mr. Baldwin Latham. Br. 
rhome's paper was very interesting to him in more 
rays than one. It was interesting to all, because of 
ts ability, lucidity, and the remarkable characteristics 
>f the case. It was predBely a case — simply explained 
« he explained it— calculated to convey to the public 
nind the ways by which scientific men could trace the 
tril to its source, and the use to society of the ajmlica- 
ion of such methods of scientific investigation. But it 
788 interesting to him from another point of view. 
U an ex-pre«tdent of the Local Gk>vemment Board, 
le was deughted that the medical department of that 
)oard had an. opportunity before that Conference of 
tresenting itself in an aspect so favourable to all who 
rore iutezestad in sanitation. It was fulfilling pre- 
Isely the true functions of the medical department of 
hat Board to undertake to oonduot such inquiries, as 
hat department was a soientifio one, and its duty was 
o conduct investigations which other persons mi^ht 
lot be equally able to conduct, which served to gmde 
[jocal Government Boards throughout the country, and 
hese results were published in the annual reports of 
ho Local Government Board, and thus were generally 
kooeasible. On that matter a resolution was passed, of 
vhich ^e meeting would have no cause to repent. The 
emptations had beoi avoided of pronouncing as a mixed 
K)dy on a purely scientific question ; they had elunina- 
ed all that waspurelv scientific out of the proposal 
rith which Dr. Thome's paper concluded, and passed a 
resolution which he thought they were justified as 
)Tactical men on the evidence before them in arriving 
it. Then ho came to the paper of Sir Henry Cole, 
vho first referred to a suggestion of his own in a former 
rear, that in a public department like the Local 
jroyemment Boara, there ought to be an Inquiry 
^ffioG. They had not constituted one, and Sir Henry 
3ole thouffht the Sodety of Aits should do so. H!e 
(hould be delighted if the Society could see its way to 
^bUsh an mquiry OfKce on this subject, but the 
iifficulty which they could all easily understand was 
me of ways and means. It meant a room devoted to the 
purpose and one or two persons, one of whom at least 
thould be highly quaHfiea, and both of whom should be 
paid for rradering a service which would be necessary to 
the regular oonduot of a dei>artment of that description. 
^ was not sure that it would be within the means of 
^ Society to imdertake such an experiment, or 



whether Sir Henry Cole made the suggestion 
with any knowledge as to the intentions of the 
Socie^. He limited himself to the expression 
of opinion that it *was a fit thing for the Local Govern- 
ment Department to undertake, and that if it were to 
do so, it would add very much to the smooth working of 
their own department, and to the proness of sanitation 
throughout the country. Then Sir Henry Cole passed 
on to another subject, and referred to the ver^ interest- 
ing letter from the Duke of Sutherland to Mr. Sdater- 
Booth, who proposed federation of local authorities. 
The existing law provided for that federation as far as 
it could do so in the original Local Government Act, 
which gave power for local sanitary districts to combine 
in aggregate areas for some common purpose, by 
provisional orders requiring confirmation by Parlia- 
ment. The reason why he had inserted that provision, 
was this. He did not say to himself that it would have a 
great practical effect, because you did not easily get 12 
or 20 local authorities to combine and press a provisional 
order through Parliament, but it seoned to nim to lay 
down a principle which might have practical results, 
and would at any rate have some result in further 
legislation at a future time. What that result ought 
to be he would not say at present. Then he came to 
Mr. Cresswell's interesting paper, and the resolution 
passed thereon. Mr. Cresswelr s paper was upon the 
general subject of the impure condition of the River 
Thames with special reference to that part of it with 
which he himself was most familiar. In tnat resolution, 
a^^ain, he thought they had gone as far as it was ad- 
visible for sucha Con&rence to go, and that the further 
responsibility ought to be left with the Government of 
the day. Now, to go back to two matters on which he 
had already touched, the first of which was that of 
National Water Supply, on which he hoped a Commis- 
sion would be appomted, and the second was the pro- 
posal of the Duke of Sutherland for the federation 
of local authorities for the purpose of dealing 
with questions of the prevention of river pollution. 
Both of those subjects were connected with this 
general consideration — the necessity for making pro- 
vision, for many purposes, for larger ^ areas of 
Government than those which already existed. Aa 
far as the supply of water was concerned, the 
tendency of the scientific mind was towards water-shed 
areas and authorities, and he found no fault with that 
as a scientific view. As far as the view raised by the 
Duke of Sutiierland was oonoemed, he supposed the 
view was simply this, that you could not conserve the 
purity of certain rivers without, at any rate, very much 
enlarging the area within which you carried out 
measures for their preservation. But he had another 
point of view to whion he should like to direct attention, 
not for the first time. He had often said that after all 
this question was not a mere question of health but of 
local government, and he said that in the interests of 
health as well as in the interests of local government. 
In questions of health you could not drive tiie country 
but you could lead it, and you oould only lead the 
country through representative institutions of some 
kind. You oould educate the representatives whom 
those institutions brought into public action, and what 
he desired was this, that in a proposal of this kind, 
from a scientific point of view, you should not forget 
what he called the local government point of view ; 
and, collating those two ideas, he was continually re- 
minded of the importance, which he, for one, had never 
forgotten, of passing a measure for the formation of 
County Boarcb. Tliat scheme for County Boards was 
one propounded during the time of Mr.^ Gladstone's 
Government, some six years ago, and b^ himself as the 
member of that Government charged with the subject. 
It had been dealt with by his successor in the Local 
Government Board, and by various persons in the 
House of Conmions, but it had never gone further than 
the second reading, if so far. There was a great 
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MBoqJfy m thfl^wi^y, ao far as the ^mse of GomiiioiiB 
was oonoenied, tibat there waa a great objeotioii, on the 
part of iQany people, to the oonstmotloxi of Boards, 
which they thought might not end in economy, 
but in additional expenditure. He was not pre- 
pared to oay that they would nob end in additional 
expenditure, hut he had often used this lan- 
g^uage, that altibough saying was profitable, profitable 
expenditure was more profitable that mere saving. H 
you had Boards righny constructed for large areas 
endowed with oonsLderable powers, so that you might 
hope to attract the best men of the locality to serve on 
them, although you might get an increased expenditure, 
you would get a gieat^ return in the shape of greater 
oonveoienoe, comfort, and happiness, and nealth of the 
population oonoemed. With regard to the question of 
water supply, he would not lay down any hara and fast 
rule or fine. He did not say that the County Board 
of the future was to be the authority for the 
conservancy of all the rivers within the ooun^; 
it might be advisable to enlarge the area of the 
oonservancy and the prevention of pollution. All 
that he would say would be this, bear in mind tiiat 
you have to construct these County Boards, and 
endeavour to harmomse their future with this 
idea of the future conservancy of rivers, and this 
might be done with the most perfect ease. H 
it were necessary to combine one or more counties 
for Uie purpose of forming a water-shed area, you 
had only to make it a combined authority, instead 
of setting up one de novOf and he didoot believe that the 
difficulties would be at all serious, and, at any rate, 
adherioff to this view, you ought not to cross the 
county fines in the oonstziiotion of any one of these 
water-shed authorities. Ihey had had experience of 
croflsing boundary lines, and thie multiplex combination of 



sanitary areas, and had endeavoured, by legialstion, ts 
reduce the number of those areas axid sim^ify that ; 
and he trusted in. future, as they hadof late, they WDoli 
endeavour to adhere to this very simple rale, whidi k 
did not think would be found impoesLole of applicadfa. 
They should start with the administrative unit, tbi 
simplest area you had in the country, the local govern* 
ment area, the urban or rural sanitary distzict. Tbi: 
was an area for certain purposes of local gt i ver m nat 
He desired that it should not be too small, but when j*.^ 
wanted a larger area for some common purpose, tk 
simple rule in his own mind was to haye an aggi^r^ 
of i&oae smaller areas, never to divide tiiem. You raif^ 
meet with some difficulties, but depend upon it, for thf 
sake of simplicity, in the long run, it wonld be better i> 
meet them at first. If you once laid down the pnncip^ , 
the thing became very simple. Tou had tibiese uniu 
of admimstrative area, and for purposes in which r^a 
required large areas you formed an aggregate of thgse 
umts, it might be one county or two oonnties. tV 
meet^g to-day had been rather longr, but he hoped n% 
uninteresting or unimportant. He Jhoped the meecbf 
would agree with him that this Conference might oxd^ 
pare favourably vnth those of past years, and t^ 
gentlemen would be willing to come again next jtJ, 
and again take up this useful and neceesaiy pnUic 
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9t. Tsld, in proposing a vote of tfaanln to the Ouu- 
man, said he quite agreed with him that the Coofeicsft 
had been a great success ; manyof thepaDera 
yaluabl8» and he was sure that aU wonld a 
him that the very ahle mannw in which the 
had snmmansed the nrooeedings wa^ in iiaeU, a 
to everyone who had heard it. 

Kr. Birkett seconded the resoihition, which vas 
carried unanimously, and the ptooeedingB texminated. 



SEWAQE FARMS 



EBPLIES TO OUEeTION» ISSUED By THE COMMITTEE. 



The following is a summary of the zetuma fur- 
nished to the Committee in reply to questions 
relating to the working of sewage farms lor tiie 

year 1878 :— 

CBXWB.~Popiilatibn, 26,000 ; rateable yaloe, 64,656. 
Farm named CSrewe Sewage Farm ; about 260 acres in 
the farm. The land purchased at £3,875 ; annual 
rental of the land leased to the Corporation, £833. 
Amount of stock, 69 feeding oattla heiCers, bat the 
number varies ; no sheep ; about £4.5,000 spent, which< 
mdudes purchase of land and construction of outfall 
sewers, drift culvert, &o. ; the tanks aooompHsh settling ; 
no precipitant is used ; the settLemeDt is oistribiitod on 
the land. The Corporation works the farm, itself ; the 
produce consists ox rye grass and willows. The cost 
of the sewers was about £10,000, included in the cost of 
the whole work as above. There are no purifying 
works; no separation of storm water. The average 
flow of sewage is one million gallons per day ; with 
storm water, sometimes 20 mmion gallons, but im- 
possible to give average. The effluent water is dear and 
iree from smell. The effluent water does not pass into 
a nver fxtaa. which water is taken for drinking. 
The estimated rate on the rateable value (including 
instahnents upon bocrowed money) is Is. 6d. in the 
pound. 

Edxomton. — ^Population, 16,000; rateable value, 
£80,000. Edmonton Sewage Farm, 114 acres (8 acres 
for osiersi 16 aoras f or watereress and grass, and re- 
mainder let to a farmer who uses the sludgy from the 
beds). Cost of purchase, £14,050 ; capital spent in 
nnderdraining land, £1,450; cost of tlu?oo tanks, to 
hold 300,000 gallons each, mizing apperatua for treat- 
ment by precipitation, £2,600. (£ngine-house, engines, 
boilers, and storage reservoir, to hdd 2,000,000 gallons 
in time ol heavy nuns, end ler storing night and 
sundry work.) The tanks accomplish clanfleation and 
deodorisation. Hill6's process, in the usual foi^m, is 
adopted, and the cost (with chemicals) is £260 
per annum. The whole of the settlement is used by 
the Local Board, and the farmer on land as manure 
either liquid or dry. The deposit manure is oomposed 
of prempstatsd matters in suspension, and paruy in 
solution from the sewage phu the chemicals used. 
Total annual cost of labour, coals, pumping, chemicals, 
and everything included, £860. TheXooal Board manage 
the farm, but part &t the 114 acres is let to a farmer. 
Watercress and osiers are most beneficially affected. 
The whole main drainage works of Edmonton, inclu- 
ding some 28 miles of brick and pipe-sewers, &o., cost 
about £42,500. The storm water is separated to some 
extent. The average quanti^ of sewage flowing in 
21 hours is about 900,000 gallons. The effluent water 



is pure enough for all sanitary practical purposes. It 
passes into a river from which tne water is taken for 
drinking, but the disdkarge is below the intake. The 
estimateii cost is Is. per head of population. The 
wprks and system earned out give satinaction in every 
respect to we liocal and river authorities. Effluent 
v^y good ; sludge easily diroosed of as good naanure ; 
osiers and wateroess grown m very good condition. 

Malvbbn liisz.— Population, 2,020 ; rateable valne, 
£7,875. Farm named Malvern Link ; 21 aores in the 
farm ; 14 in pennanent pasture, 7 arable ; annual rental, 
£40 ; thafann is leased by the Board and sab-Wk The 
geneEsl dJstriot rata ol last year, at id. in tha £' zettod 
£498. 

NoBWioa.— Population about 83,000 ; rateable vdltae, 
£239,374. Farm named Whit^ngham and Sirby 
Bedon ; about 860 acres in the farm. Let on lease ; 
annual rent, £1 16s. per acre. 

BxxoATS, — ^Population at last census, 16,916, now 
estimated at 18,000 ; rateable value, £77,461 16a. lOd. 
Farms named (1) Earhiwood and (2) New Pond. (1) 
contains 64 acres, (2) 86 acres ; (1) six acres in perman- 
ent pasture, 16 arqhle, 32 under uxigatkm ; (2) U aores 
in permaBDenb pastors, 26 arable, 41 nndar migation ; 
cost of pnrohase, £10,200 ; smount of stoek, 3 h ams s , 18 
bulkraks ; capital spent in laying out Easbwood 'Sma 
abont £3,463 ; the cost of works upon New Pond Farm 
not ascertaxnahk ; paid for with other work; tke cost 
of tanks at Earlswood, £160 ; at New Pond, £20u. The 
tanks accomplish settling and screening ; no precipitant 
is used. The settlement is prinoipaUr need as manure 
for mangold wurzel; none is sold. The sewage 
deposit manure consists of the usual deposit with we 
waste water of- a tan-3rard, and siUca from the roads 
brought down by the storm water. The cost of woih- 
ing we Earlswood Fanniwon an tLwerage of three years, 
£447 16s. 8d. ; of the New Pond Farm during an 
average ol two years, £901 2b. 9d., but the lat- 
ter sum comprises portion of the capital employed in 
laying out. The Corporation work the farms themselves. 
Rye grass and mangold wurzel the product most benue- 
fidally affected, ^e loss upon the Earlswood Farm, 
upon an average of three years, £162 8s. 4d. ; upon the 
jfew Pond ¥arm, upon an average of two years, 
£242 Os. 8d. Cost of the sewers which bring the sewage 
to the farm about £46,080 ; there is a partiid separation 
of the storm vrater. The daily volume of sewa^ dis- 
charged by the Eastern Trunk sewer, and ooUeotmg the 
drainage of Bedhill and the neighbourhood, is set at 
600,000 gallons (Earlswood Farm). The same dis- 
charged by the Western Trunk sewer, and collecting 
the drainage of Reigate town and neighbourhood, is 
set at 360,000 gallons (New Pond Farm). The average 
quantity of sewage with storm water, about 4,000,000 
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at Earlflwood Farm, and about 3,000,000 tft New Pond 
Fann. The quality of the effluent water is good ; it 
does not pass into a rirer from whioh the water is 
taken for drinking. The estimated cost per head of the 
population, 3s. Id. yearlyi indusiye of interest upon all 
capital expended. The estimated rate on the rateable 
value, 8}d. in the £. 

BvoBT. — Population estimated at 8,600 ; rateable 
yaluc, £49,000. Two farms: (a) Bilton (b) Rugby 
Sewage Farms ; land all arable ; rent of «, £266 and 
tithe ; of 6, £66. The tanks accomplish settling. The 
settlement is spread on the land ; it is diiBoult to deal 
with it otiierwise, a is let at £360 ; b let until latelyat 
£79 3s. There is no separation of storm water. The 
effluent water is dear. 

SooNiTON Asm Pendlebubt. — ^Estimated population, 
20,000; rateable value, £66,000. The farm is unnamed; 
it consists of 31 acres 2 rods 32 perches, all meadow 
land ; the annual rent is £168 10s. It is proposed to 
spend £2,800 upon the farm ; the arrangements are 
incomplete as yet. The settlement is s[n«ad on the 
land by the farmer. The farm is not worked by the 
Local fioard, but is let to a farmer at a rent of £96 per 
annum. The description of produce most beneficially 
affected is hay grass. The loss is about £60 per annum. 
The storm wat^ is separated by storm overflow. The 
effluent water is pretty dear; it does not pass into a 
river from which the water is taken for drinking. 
Estimated rate on the rateable value, £6,231. The 
sewage schemes for the district are not yet complete, 
neither is the farm. 

SoiTTR MoiAOv, Devon. — Population about 4,000; 
rateable value, £13,683 12s. 6d. Farm named Fordouen ; 
73 acres in the farm, 33 in permanent pasture, 40 
arable ; all imder irrigation in rotation. Cost of pur- 
diaae, £3,300. Leased for 14 years, at £167 10s. per 
annum for first three years; £177 10s. for next four 
years; and £187 lOs. to end of term. Cost of the 
sewers, whidi bring the sewage to the farm, about 
£400. There is a separation of the storm water. No 
effluent water passes into a river from which the water 
is taken for drinking. 

Sron-upoir-TBKNT. — Population, 1,700; rateable 
value £68,400. Sideway Farm, about 60 acres ; almost 
entirdy pasture, and it is intended to adopt predpita- 
tion, irrigation, and downward filtration as far as prao- 
tioaUe. Cost of purohase, £200 per acre, £1,000 to be 
paid in addition for the buildings on the farm. 

West Debet.— Population estimated at 32,263 ; rate- 
able value, £1 74,6 14. Farm named West Derbv Sewase 
Farm, Fazakerlev : 207 acres in the farm, the whole 
being arable ; about 189 acres are under irrigation ; 
cost of purohase was £36,134 18s. 7d. ; there is no 
stock, but graiing is occasionally let for horses and 
sheep; capital spent in laying out the farm and its 
worln, £16,868 13s. 6d. ; the cost of tanks, £6,740 18s. 
The tanks are used to recdve sewa^ from eastern por- 
tion of district, previous to pumpng on to land; no 
predpitant is used. The settlement is used for top 
areasmg, &o. Tlie cost of working the farm for the 
offldal year ending 26tii March, was £3,003 14s. 6d. ; 
the cost of w**»"*mftnftft of woriu is nominal at present. 
The Local Board work the farm itsdf . Rye grass, 
mangolds, cabbage, and savoys are most beneficially 
affected. The profit on workmg for the year ending 
March, 1879, was £632 16s. 3d., m addition to stock in 
hand valued at £238 17s. 4d. ; this is exdusive of any 
payments on account of interest or instalments of pxin- 
dpsl for oorohase of tanks, laying out, and bringing 
sewage to farm. The cost of sewers which bring the 
•ewaffe to the farm, £6,204 Os. 9d. ; the storm water 
from nooses and some of the roads is admitted to the 
sswers, but the Board are taking steps to divert the 



storm water of the roads into the natural waterooone i 
the district. The effluent water goes into the Itmt 
Alt, but the water of this river is only used for cittk 

WoLVEBHAXFEON. — Farm named BamhunA: toti. 
area of land acquired for sewage utilisation 232 icns. 
1 rood 24 perches, about 97 acres of whioh are oon- 
pied with sewage works, faUow land, &e. £36,7:1 
has been expended in the purchase of land, and iboQ 
£24,134 on works for dealmg with the sewage ob \k 
estate. The farm was let up to Miofaaelmas, 1873. *m 
a tenant, who paid during the last year of his teaaarr, 
£668 16s. 1 Id. as rent. It is now worked by th* O.t- 
poration. The profit on working for the year 1S7<^) 
amounted to £336 12s. 8d., as against £1,205 la. 4i a 
1877-78; £1,007 17s. 7d. in 1876-7 ; £1,048 16s. oi a 
1876-6 ; and £646 6s. 6d. in 1874-6. Estamated m^ 
8d. in the £. 



Schedule op Qubbtions Pnopossn. 

1. Name of place. 

2. PopalattoD. 

8. Ratsabls value. 

4. Name of the farm. 

6. Number of aorei io the farm. 

6. Namber of acres iu periuaaenl paatmv. 

,» „ arable. 

,« „ nader irrigation. 

7. C<st uf purchase or aanual rental of ihe farm. 

8. Amoont of stook| speoifyiag nbwp and ostila. 



9. 
10. 
11. 
12. 

13. 

14. 

16. 

16. 
17. 
18. 
19. 
20. 

21. 

22. 
28. 



Capital spent ia laying out the farui and iU vorki. 

Coats of tanks of aay kiad. 

What the tanks aeoomplish— ssttliag, arr'^atair, icr. 

Any and what kind of pradpltaat oaed P If an :— 

a. Method of applicaMuo. 

b. Coat. 

What is dons with the aatilamsnt P 

a. If aold, what quantity of adids. 

b. What amount realiaad. 



Cost of prodnoing the deposit 
condLtioo. 
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Wnat ia the oompuaidoa of the ssvags dipaii 
manure P 

Coat of working the farm— labour, nanw, ftc. 

Coat of maintenance of wmkf , ftr. 

Does the Corporaiian work the farm tiself P 

Or, is the farm Isa^od, and wh»t raatal ia uhtaiaid? 

What description of produce la most baatAoiiO; 
affected P 

Fioanolal results :— 

a. Proflr. 

b, Loaa 

Cost of the sewers which bring the sswagt to ik 

farm. 

Are there any purifying works P If so^ cost of 

a. CooatruotiuQ. 

b. Maintenance. 

24. Any separation of the s^urm water P 

26. Avera^ quantity of anwaffe flowing la 24 hoars:- 
0. With atinn water. 
b. Without atorm water. 

26. What ia the quality of iha siBaebt watirP 

27. Does the e fllaont wat^r pa»s Intn a riTfr tnm eWd 

the water ia taken for drinkii*g P 

28. Astimattd oust per head of the popalatiov. 

29. BatiflAatsd rats on the rateable value. 

30. Any saplanatoty remarks. 



THE THAMES CONSERVANCY BOARD. 



The following account forms a Supplement to *' Notes on Previous Inquiries " on Water Supply, 
issued by the Society of Arts, 1878. The thanks of the Society are due to Mr. Howard, 
librarian of the House of Commons, to Mr. Chrerall, of the Ghiildhall Library, and 
Mr. Gough, of the Thames Conservancy Board, for kind assistance rendered in its 
compilation. 



In consideration of the fact that the purity of the Water Supply of London, and questions 
connected with the pollution of the THAICBS, have lately attracted an increasing amount of attention, 
it has been thought useful to compile and issue an account of the Thames Conservancy Board, which, 
Bunong its other functions, now has control over the pollution of the Thames and its tributaries. 

The following pages are arranged on the same general plan as the "Notes on Previous Inquiries,"* 
prepared in connection with the Congress on National Water Supply, held in May, 1878. In referring 
to volumes of Parliamentary papers, the arrangement which is followed is that of the House of 
Commons Ubrary, in the manner explained on p. 1 of the '* Notes." 



INTEODUCTO BY. 

{From **time immemorial" the Mayor and Corporation of London were "conservators" of the 
rhames down to the year 1857, when the Thames Conservancy Board was established, by an Act dated 
17th of August in that year. 

The powers of the Bonrd have been augmented, and its range of supervision extended, by sab- 
iequent acts, especially with regard to prevention of polltttion. Down to the year 1866 indeed the 
Board was, as the ola conservators were, mainly occupied with keeping the nver channels clear, 
a^ranting leases for embankments, jetties, &c., controlling navigation and fisheries, &c., but in that 
^^ear an Act was passed which, in Bee. 63-4, gave them powers to peeyxnt persons or corporations 
from PASSING sswAQE INTO and otherwise polluting the Thames. Subsequent Acts extended 
this power till it now applies to the whole course of the river and its tributary streams for 10 miles on 
sftch side of the main nver. 

The Bivers Pollution Prevention Act, which applies to all Britain, was not passed tOl August, 
1876 (that is ten years after the powers against pollution were granted to the Thfunes Conservancy^ 
md this in no way affects the Thames Conservancy Board, as, by § 18 of that Act, it is provided, 
* Nothing in or done under this Act shall extend to interfere with, take away, abridge, or prejudicially 
iffect any right, power, authority, jurisdiction, or privilege given by 'The Thames Uonservancy Acts, 
1867 and 1864,' or by *Tho Thames Navigation Act, 1866,' or by the *Lee Conservancy Act, 1868,' or 
by any Act or Acts extending or amending the said Acts, or either of them, or affect any outfall or 
)ther works of the Metropolitan Board of Works (although beyond the metropolis) executed under the 
!detropolis Management Act, 1855, and the Acts amending or extending the same, or take away, 
ibridee, orprejuoicially affect any right, power, authority, jurisdiction, or privilege of the Metropolitan 
Board of Works." 

The powers of the Thames Conservancy Board are, therefore, clearly laid down in the Ac s of 
Parliament relating to it, and are not modified by any general Acts. 

* Pabliihed by BeU aadfioii, ToikHrtNet, Oomt-saidcm 
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THE CONSESVANCY FSIOB TO 1867. 



Tfca ««r]y Viat^yrj of tfce 'conaervanOT, or, m Stow odh it, the jurisiBrtiaii, erf tbe Tb*iiiM, it, by 
tfce 'ConaerViJicy ActB, made, to a groat extent, a matter of antiquarian interest, since tte Thamei 
Conservancy Board derives ita power, not as the Corporation up to 1857 did, from cnatom and Royal 
charters, &c., bnt clearly and definitely from tbe Acts. 

Those wbo are interested in the antiquarian aspects of the Corporation's rights and powers over 
the Thamefl, transferred now to the Conservancy Board, will find an acoonnt, down to 1720, in Strypc'* 

Btow, chapters vii. and viii. [A Survey of the Cities of London and 'Wertminater written at 

first in the year MDXCVIII, by John Stow augmented bv the anthor and aft«rwarfe . 

others now, lastly, corrected, improved, and very much enlarged, and the survey and history 

brou^t down from 1433 to the present titse by John Bbypa, ILA ia u 

books UDCCXX.] (This edition is in 2 Tolt.) 

Th» " IA>eT Alfans " goes back further than Btow does, as the statutes and ordmaooea of Bmt, 
" the first monanidi of Britain," is quoted. (RQer's tMatm, p. 487. t Statnt* M O rrWn i Hn iws de 
Eydellia et Tryiniis in Thamisia et Medwaye ammovendis.) 

Btow, bowever, giroi apparently all that is of importance in Uie report of a charge made in 1616, 
in which the then history of conservancy rights are summed up. 

Book I., chapter viii. [p. 34, of Strype's edition] records that ;— " In the year 1616, on Wodneedsy. 
being the third of July, Sir John Jonsi, Kni^t, Lord Maior of London, and conaemtor of the Biver 

Thames and wat«rs of Medway, assisted and accompanied by Ac., &a took bargw at 

Belingsgate, and within a few hours arrived at OraveseDd, in Kent, where a session for the oonservacj 
of the saide river was kept before the Lord Maior and his forenamed assistants, at which time sod 
place a jnry of freeholders of the said oomity, being swoni to enquire of all offenooe cotumitMd in aiijr 
part of that river within tiie said county, Haeter Common SeajeoBt delivered them a ohar^ to tlnj «&(«. 
Then follows a report of the ch^ge in which the Common Sergeant sot forth tiiat the jurisdictioii 
of the City of London in the River Thames, from Stainea-bridge, vrestward, to the point« of the riva 
next the wo, eaatwarda, appewred to belong to tibe City in point <^ right, and in point of XMfe. 
The point of rif^lit is set forth on t«n grounds : — 
(i.J By prescription, 
[ii.j By allowance in tire. 
(iii.) Bjr uicaent cAiartara. 
(iv.) By Acts of Parliament. 
(v.) By inquisitions. 

(vi.j By decrees upon hearing (or<im rtge ipso, and in camera tleUata. 
(vii.l By Letters Patent. 
(viii.] By proclamations, 
(ix.) By report of tbe King's Council Learned. 
(\.) By a ^uo warrtnto.' 
The pointi \d usage are set forth sndac nx baa^. 
^il Bysnoieiitordtnwioee. 
fii.l By punishment of oEFendeia. 
fni.) fiy writs and precepts, 
(iv.) By aoootmts for ohargee of searchee. 

(vi.5 By ocmtiniul daim ever maix 37, Hen. VIII., when tbe Lord Rigti AdnrirJ 
first intaiTupted the City to exerdM her aathonty below London Brtdge< 
Bacb of Iheee ia Mt forth at lengU) with rrference to records, 
The ohso^en quoted are from Kiohard I., King John, H«my III., asd Edward m. 

AH tSie vMiwis charters can be conanlted in "Luffinan'g edition of the City Cbartoifl,'' fn«! 
4viUiam the Conqneror down to George II. They are also in abstract in Norton's " Commentvtef. 
Mid, briefly, t*e important ones are fiiven in the second report of the Boyal Oxnmisaion on tlr 
Hnnidpal CorporationB in England and Wales. 

The first eiarter of Qiarlw I. ia an "inapeximus" charter, which includes all previous ontt. 

It may in tercet some to be reminded that tbrre was abown at the Caxton E^diibition tbe stst°f' 
of Henry Vll. relating to the consarancy of the Thamrs, printed bv Caxton, in what Ur. Blade*, in 
hi* biography of Caxton, calls type Ko. 6. (It wus in Class A., 153.) 

Most of the charters relating to the Thames Conservancy have reference primarily to the ol^t^ 
of dear navigation, bnt some have referred to sources of income, as, for example, the fintchartf' <■ 

1%Jb CtArter refers to the office of bailiff, and to that of the conservation of the water of ^ 
Tliames as having been, time out ot mind, possessed by the Mayor and Commonalty, and «a.eKi»ed of 

• A wilt, QiiaiDt th«Bi t» ibo* br what WvMnt ywr li 



Idl 

ke Mayor or his Depuly for the time being, from Staines Bridse to Yendall, otherwise Yenland or 
I'enleet, and in the Biver Medway, and upon every bank, shore, and wharf, within those limits, 
>gcther with all wages, rewards, fees, and profits belonging to the office. It also refers to the office 
f MeoHtrer, as faavfair been possessed aAd exercised in vke same Iray, cxf «Ji eostto «iad gteStL; afeo of 
dt, and all kinds of fiuit and vegetables, and of all other goods and merchandises.^ 

Without attempting to quote or to give a rSmtmi of these charters on conservancy, there are some 
3w points of interest as bearing on foi«lx7TION, in the Corporation records, in illustration of the 
Qoctments of Lord Mayor as Conservator. 

In xvi. of BicHABD THE Second, A.D» 1390, It is enaoted, ^t all filth upon the side of Thames 
ext the house of Robert de PartU, shall be utterly removed ; and that in some place, before Easier 
ben ensuing. That the butchers of London do build convenient and fit houses, whereunto they may, 
ram time to tone, bring ali their ordure, entraais, and cffihsft filth, and tiie same in b(Mt1ft, cm^ied in 
be middle of the Thcmy»t -aind thera mst tlie saine at a fall water, when it first tfesimi^rtii toebb ; imd, 
irther, idmit no person do tiirow or cause to be thrown, or laid, any filth or omire, mtiok, ttMirii, 
r laystage, in die same water of Thames, of the one side or tiie other, between tlie Pa^oe eff WsH" 
ttfisfcr, and tiia Tifwer of London, on loss of £10. [WMHam Stondon, Mayor.l "t 

Again, 240 years later on : — ^Among the articles ordained by Sir Bobert Dueie, Lord Mayor in 
630, '* to be enquired upon by the jury for the riv^r Thames eastward *' is the followinr : — 

'* 27. Item : Ton shall further enquire, and true presentment make, whether any bntoher, btvwtr, 
on-keeper, or any other person or psrsoos, as well imhia the Qity of London as in any other oounty 
own, or villi^ (as fxa as tiM Hberty of the Lord Mayor extendeth) have oast or put into the sidd 
iver any paunches, grains, borse-diiBg, or other rabbidi, soil of filth, whatsoever, to the rwf greai 
nnoyanoe and hurt of the said river, on pain of imprisoument, and further fine, at the diKiretion of 
he Lord Mayor of London, If you know any such, you shall present them."!( 

One of the latest writers on the snbjecft, before the Chancery suit was Commenced in 1844 (see next 
la^), was PuHixi^. In his '* Pradical Treatise on the Laws, Customs, and Regulations of the City 
m Port of London, as scrttled by Charter, TTsoage, By-law, or Statute,'* 1842, he devoted chapter 
dx. to the River Thames and the Port of London. Here may be found ready to hand an aooonnt of 
be old Conservancy as it was just before the Board was established. 

He BUHLS tip tne duties of the Conservators of the Thames, showing they had the control and 
^gulatton of the fisheries, tiie seizing unlawful nets, regulating watermen and lightermen employed 
m the river, and tiie shipping in the port, and fixing posts in the river for (lie oonv^enoy ot such 
thipping; removing obstructions occasioned by wears and steps; cleansing the river; directing to 
vliat places, and the manner in which ballast should be taken out of the nver ; repairing its banks 
ind breaches ; licensing and permitting wharfs, piers, stairs, and other innocent projections, and 
receiving rents therefore, and removing such as are unlicensed ; erecting and maintslnmg pubUc stairs, 
ind removing illegal ones ; giving orders respecting floats upon the nver ; granting licenses to erect 
mfll and water works, and holding Courts of Conservancy, and punishing offenders. 

In compliance with ancient usage, the Lord Mayor, accompanied by the Becorder, and other eivil 
officers, still hdd in person eight Courts of Conservancy in the year ; two for each of tibe counties of 
Middlesex, Surrey, Kent, and Essex, and occasionally a Court in London, into eac^ of which place 
the jurisdiction extended, reaching hom Btaines to Tantlet Creek on the Thanies, and from Colew or 
Dreek to Cockham Wood in the D^dway, and various officers were appointed by the Corporation to see 
tbc laws and regulations of the river carried into effect. 

The more reoenHy acquired dnties of the Conservancy in regard to harbour masters, regulation of 
speed of steam vessels, Sco., are also given in this history. 

These matters, however, are apart from the control of :POLLt7Tio]!r, andareherejusi briefly referred 
to in order to point out the wide range of subjects the Conservancy had to control. 

The Select Committee of the House of Commons on the state of the Port of London, 1836, 
reported as follows : — 

1. That it appears to tills T3ommitte6 that the navigation of the river Thames in the ^ort 6i 
London has for a great length of time been subjected to serious and mcreasing obstructions by which 
the maritime approach to the Metropolis has been impeded, the shipping exposed to injury and need- 
less detention, and that frequent accidents have occurred, several of which were attended with the 
loss of human life 

3. That the Comnuttee ore of opizdon that the Various conflicting lurisdictions and claims of the 
Admiralty, tiie Trinity House, and the Corporation of the CHty of London over the Thames bdow the 
bridges, have had a most injurious effect upon the interests of navigation, and that it is desirable that 
they should be consolidated and vested in some one responsible body. 

The Eoyal Commission on the Corporation of London, 1854, in their report stated (p. xxvi) :-^ 
'* The power and duties of conservancy are divided into two branches, those above and those below 
London Bridge. 

** Both classes of power are regulated by various Acts of Parliament ; they are exercised by a Com- 
mittee of the Common Council, called the Thunes Navigation Committee, and by several officers 
appointed by the Corporation. 

" The conservaDcy of the river has cdreadjr been the subjeot of Pariiamentary investigation, and 
tnauy opinions respecting it were expressed by the witnesses whose evidence we reeeived.*' 

[They go on to recommend that the navigation of tiie Thames should vested be in a Board.] 

•Kaiton,p.990i. t BlaneU, p. IM. t QxiffiUis, p. 80. 
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THE CIRCUHSTAXCES CONNECTED WITH THE ESTABU 

OF THE BOASD. 



.i:i;,i:^. 



A full account of the circumstances which led to the establishment of the Thames CaDKcmxj 
Board would occupy much space. Among other details there was a protracted Ghancery suit, froD 
February, 1844, till September, 1856, between the law officers of the Crown and the Oorroratbii, u to 
the right to the banks of the Thames between high and low water, so for np as the tide flows. Ine 
case for the Crown was based on the principle that all the coast, with its bays, inlets, and tidal mm. 
belonged to the Crown between high and low water mark ; that for the Corporation, was based on tits 
fact l£at the Mayor had been Conservator of the Thames from time immemorial. The outcome of th 
law suit was the Thames Conservancy Board. 

Those who wish to look up the whole history of it will find entries in the Corporation records, tte 
acooimt of the Chancery proceedings, Mr. Pemberton's evidence given before the Itoyal Commianm 
** to inquire into the existing state of the Corporation of the City of London, 1854," and the Tbaaies 
Conservancy Act, 1857, and the report of the Select Committee of the House of Gommoni on tk 
Thames Conservancy in 1863. 

An abstract of some of these records will suffice to set forth the main points of the case. 

In his evidence on December 2, 1853, Mr. E. L. Pemberton, solicitor to the Board of I^ 
Revenue, said it is upwards of 16 years since his attention was first directed to the qoefltia 
of the title to the bed and shores of the Biver Thames. The circumstances which led to it ven 
these :~The Corporation of London had, for a very long time, he believed immemorially, held the ofSa 
of Bailiff and Conservator of the river. In the year 1837, the Solicitor to the Admiralty called npta 
him, and he drew his attention to an Act of Parliament which had been passed in the previous seeam 
(the session of 1836), for constructing a pier and other works at Ghreenwichf which Act of Farliimeo: 
contained a clause tm-ecting the payment of a fine and an annual rent to the Corporation of Lm ^^ 
for the liberty of digging tne foundations for that pier upon the shores of the Thames. At the itst 
time there was a BiJl in progress through Parliament to amend and extend the Greenwich Pier Act; 
and it appeared to him that the Corporation of London, in the exercise of their office of Con semt&i 

were usurping rights which could belong only to the owners of the soil After a corns* 

pondence and interviews, deputations, &c., clauses were settled by which the rights of the Grown in 
respect of its property in the soil, and the rights of the City in respect of the Conservancy, vert 

reco^ised At the same time an embankment of the river was needed for the new Hoqkc otf 

Parliament Mr. Pemberton thereupon undertook an inquiry into the nature of the ri^li^ 

to the soil and shores of the river. After collecting evidence, he took the opinion of the Attooe;^ 
and Solicitors Gkoieral ; they considered the evidence in favour of the Crown prepondenited, td 
advised that the Crown should not voluntarily enter into litigation, and so no prooeediDgs va« 
instituted. This was in 1837. 

In the beginning of 1843, reports appeared in the newspapers of proceedings in the Comt of 
Common Cotrndl, by which it appeared that the Corporation had granted, or were about to gnst 
licenses to embank portions of tiiie river, and that they were granting such licenses not only in t^ 
character of Conservators, but in the assumed character of owners of the soil of the river. 

Mr. Pemberton then wrote to the City Solicitor for copies or particulars of the licenses which h^ 
been granted, or were about to be granted, and receivca one which had been granted to Mr. C«^{ 
or an embanktnent in the Isle of Dogs. The license did not contain any actual grant of ^e >tf*=^ 
or soil of the river, but it professed to give free permission to Mr. Cubitt to embank it, witb s 
covenant that he should quietly hold the embankment, &c., &c. 

Mr. Pemberton then consulted the Attorney-General and Solicitor-Qeneral of the day. ^7 
were of opinion that the claim of ownership of the soil of the river openly made should be set at n< 
and that an information should be filed m the Court of Chancery against the Corporation aad v* 
grantees of the Corporation to embank, praying that the rights of uie Crown and the CorDon&>< 
rpspectively might he ascertained and declared, and that, if it were necessary to determino sudi n|D^) 
by issues at law, such issues might be tried under the direction of the Court. That opinion M t^ ^ 
information beine filed. Mr. Pemberton gave his evidence in 1853, ten years after the fint ifi^V 
towards the case had been taken, and while from year to year it was still continuing. 

On the information being filed, notice was sent to the Corporation, the reception of which is tlo* 
recorded: — 

MtntUei of. Proceedings of the Court of Common CouncU, 1844. 

March 14.— The Towa Clerk laid before the Court a report of Mr. Solicitor, reliti^ t»' 
proceedings in Chancery, at the suit of the Commissioners of Her Majesty's Woods, Forests, Ac- ** 
to the City's right to the soil and bed of the Biver Thames, which was read. 

This connsted of a letter from the City Solicitor, addressed to the Common Coundli oertifyisr 
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hat he had received from the solicitors to the Commissioners of Her Majesty's Woods, &c., a oom- 
nunication announcing that they had ** caused an information to be filed against the Corporation 
)! London and sundry persons to whom the Corporation have given licences to embank, praying that 
he rights of Her Majesty and the Corporation respectively in the strand and soil of the Thames may 
)e ascertained and declared under the decree of the Court. 

A Committee was appointed and empowered to confer with Her Majesty's ministers and others 
ipon the subject. 

30 April, 1844. — The Committee reported on a conference with Sir Bobert Peel, which led to no 
atisfactory result, and the City's solicitor was directed to provide (as far as might be necessary) for 
he defence of the rights of the Corporation. 

There are many entries of the work of this committee. 

March 13, 1845. — Resolved — The Select Committee should be made a Ward Committee. 

April 3. — The Ward Committee was appointed. 

In successive years reports of this Committee are to be found. 

The following dates may be of use to those who wish to learn more fully the share the Common 
IJouncil took in the negooiations : — 

Reports of the Common Council, September 17, 1857. 

** We, whose names are hereunto subscribed, of your Consolidated Committee, appointed by your 
lonourable Court on the twenty-second day of May, 1846, with full power to confer with Her 
iiajesty's Government, and others, upon such of the matters specially referred to the several com- 
Qittees of the Corporation as your Committee should deem expedient, and to report from time to time 
this Honourable Court, to whom, on the seventeenth day of December ^ 1846, it was referred, to 
)ro8ecute a petition to the House of Commons for a Bill in respect of the Conservancy of the Biver 
Vhames ; to whom, on the seventeenth Day of December, 1847, it was referred to prosecute a petition 
o the House of Commons for a Bill relating to the Conservancy of the River T names ; to whom, on 
he fourteenth day of December, 1848, it was referred to prosecute a petition to the House of Commons 
or leave to bring in a Bill relating to the Conservancy of the River Thames ; to whom, on the fifth 
lay of December, 1850, it was referred to prosecute a petition to the House of Commons for a Bill 
elating to tlie Conservancy of the River Tharnes; to whom, on the eighteenth day of December, 1851," 
^c., and so on for each year, up to the settlement of the case. 

The preamble to the Thames Conservancy Act, 1857, also gives an account of the circumstances 
^onnected with the establishment of the Board, thus : — 

Whereas the preservation and improvement of the River Thames is of great national importance : And 
whereas the Queen's most Excellent Majesty, in right of her Crown, is or claims to be seised of uie ground and 
loil of the seas around the United Kingdom of Great Britain and Ireland, and of the shores thereof so far as the 
iea flows and reflows between the high and low water marks at ordinary tides, and also of all rivers, Greeks and 
inns of the sea, and the ground and soil thereof, and of the shores of the same respectively, between the ordinary 
ligh and low water marks from the mouths or entrances to the same from the main sea upwards, and into the 
«imtiy so far as the water flows and reflows at such ordiaary tides, and of all the ports and havens of the 
Juited Kingdom, save and exoept only such parts of the said seas and sea-shores, rivers, creeks, and anna of the 
tea respectively, and of the shores thereof, and such ports and havens respectively, as are held by or are vested 
n certain bodies politic and corporate, and others by prescription, and by or under grants from the Queen's 
Majesty or any of her predecessors, or by or under Acts of Faruament, and the Conservancy of such ports and 
layena, rivers, creeks, and arms of the sea as aforescud, exoept as aforesaid, and exoept where the same is held 
>r is vested in certain bodies politic and coiporate, and others by prescription or otherwise, beloxigs to the Lord 
iigh Admiral or Commissioners for executmg the office of Lord Migh Admiral of the United Sinp^dom : And 
v^hereas the Mayor and Commonalty and Citizens of tiie City of London have, from time immemorial, had and 
xercised by the Mayor of the said City for the time being during his Mayoralty, or by his suffidet deputies, the 
onservation of the Kiver Thames between Staines, in the Ctounty of Middlesex, and lenleete, in the County of 
iCent : And whereas an Act was passed in the fourteenth year of the reign of King George the Third, &o. 

Then are recited the various Acts from that date relating to the Thames Conservancy, which are 
IS follows (in the order in which they are recited) : — 14 G. 3. c. 91 — 17 G. 3. c. 18—50 Q. 3. c. cciv. — 
2 G. 3. c. xlvi.— 54 G. 3. c. ccxxiii.— 5 G. 4. c. cxxiii— 8 & 9 Vict. o. i.— 39 G. 3. o. Ixix.— 42 G. 3. 
. xlix. — 43 G. 3. c. cxxiv. — 45 G. 3. c. Ixiii.— 47 G. 3. Bess. 2., o. xxxi.— 10 G. 4. c. cxviv.— 
G. 4. c. cxxx.— 4 & 5 W. 4. c. 32. 

[These Acts have reference mostly t3 improving navigation, to " rendering more commodities and 
setter regulating the Port of London," and to giving power to raise money for works and regulate 
oils and rates, but not to FOLLurioir.] 

The preamble then continues : — 

And whereas a suit has been instituted by her Majesty* s Attorney General, on behalf of Her Majesty' 
gainst the Mayor and Commonalty and Citizens, for the purpose of ascertaining and determining the lights of 
or Majesty and of the Mayor and Commonalty and Citizens in the ground or soil and bed of the Kiver Thames 
nd the shores thereof, so far as the tide flows and reflows in the said river : And whereas an Agreement has 
*een entered into for terminating the said suit, in the words and figures following : — 

** Articles of Agreement mt^ and entered into this 18th day of December, 1856, between the Queen's most 
xoellent Majesty of the first part, the Honourable Charles ^exanto Gore, Commissioner of her Majesty's 
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Woods, Forests, and Land Beyenues, of tho seoond part, and tha lilayor and Commonalfcy and Gituens of the 
City of London of the third part." 

Whereas the Hajor, and Commonalty, and citizens of the City of London are Conseryators of the Bifs 
Thames from Stmnes to Tantlet, and exercise that authority by the Lord Mayor for the time being, as Ccmaernus 
of the said Riyer Thames, within the said limits : And, wnereas the said Mayor, and Oommonaity, and aAteo^ 
claim to exercise rights of owner^p on the bed and soil of the said riyer ; and in the month of Febmarr, 1844, 
Her Majesty's Attomey-Qeneral did, on behalf of Her Majesty, exhibit an information in the High unut cf 
Chancery, against the said Mayor, and Commonalty, and citizens, Henry Alivorth Merewether, town derk of the 
said city, and others, for His purpose of establishing the title of Her Majesty, in right of her Crown, to tlie bed 
and shores of tiie Biyer Thametf within the flux and reflux of the tides, and to oertatn encroachments upon sod 
shores, and for the other purposes in the information mentioned : And, whereas the said Mayor, and C aminftTn l tT . 
and citizens, and the seyeral other Defendants to the said information, put in their seyeral answus thereto, ind 
the cause is now at issue : And, whereas it is desirable to put and end to such litigation, and the said Major ud 
Ccmimonalty, and citizens are ready and willing to acknowledge the title of Her ]£ijesty to the bed and shorMof 
the Riyer Thames, as allegfed by the said information, and it would be to the public benefit, and would fuiUtate 
the discharge of the duties of the office of conseryator of the said riyer, that the bed and soil of the said rirer 
should, upon certain terms and conditions hereinafter set forth, be yested in the said Mayor, and CommoittltT, 
and citizens, in bust for l^e purposes hereinafter mentioned. 

Now, these presents witness that the said Mayor and Commonalty, and citizens of the City of Xom^m, do 
wholly withdraw all claim to the ownership of the bed and soil of the Riyer Thames, so f sr as the tide flows ud 
reflows therein, and do admit that the Queen's most excellent Majesty, in right of her Crown, is aeiBedto bendl, 
her heirs, and successors, of the fee simple and inheritanoe in possession of the bed and soil of the Riyer TAoM) 
within the flux and reflux of the tides, &c., &c. 

The terms of the agreement occupy from page 2348 to page 2353. 
Shortly stated they are — 

Firstly. The sriit shall cease. 

Secondly. The Commissioners of Woods and Forests shall conrey, before the Ist of March next, 
'' the estate, right, title, and interest of Her Majesty in right of her crown of in and to the bed and 
soil of the Riyer Thames, within the flux and reflux of the tides bounded eastward by an imaginarr 
line to be drawn from the entrance to Tantlet Creek, in the County of Kent, on the southern shore 
of the said riyer, to the City Stone opposite to Canvey Island, in the County of Essex, on the noithen 
shore of the said riyer, and all encroachments, embauments, and endosures therefrom or therenpoB, 
except such parts thereof as are hereinafter specifled. 

Thirdly. Proyision is made for not interfering with Goyemment property. 

Fourthly. The Mayor, Commonality, and Citizens shall giye an yearly account to Gomnussioaen 
of Woods and Forests, and shall pay to the Crown one-third of moneys receiyed in eaoh year, the 
remaining two-thirds to be set apart " for improying the nayigation of the said riyer, and the Inob 
thereof within the limits aforesaid." 

The remaining six paragraphs deal with the right to demand payments for leases, with the super- 
▼iaing right of the Admiral^ in certain matters, the due deliyery of schedule of property, &c. 

The preamble then continues : — *' And whereas, by an indenture dated the 24 th day of Febroary, 

1657 the said Charles Alexander Gore did grant and conyey unto the Mayor, Gont- 

monality, and Citizens of the City of London and their successors, as Conseryators of the Biver 
Thames, all the estate, right, title, and interest of Her Majesty in right of her thrown of, in, and to 
the bed, soil, and shores of the Thames, within the flux and reflux of the tides, &c., &o." 

The preamble then continues : — ** That whereas, for the better and more safe nayigation," ahoab 
should be remoyed, &c " and whereas it is expedient the whole regulation should be 

TJKDER OITE T7KIF0SH MANAQEMEirr," ftc. 

The preamble goes on to state that the powers yested, &c., in the City or Common Council shonld 
be transferred to the Conseryators appointed by the Act. 
Then follow the clauses of the Act. 

KoTB. — ^The aboye is the aooonnt of the origin of the dispute between the Crown and the CoiponHo"* 

giyen by Mr. Pemberton in his eyidence before a Select Committee of the House of Cammona. The vreRct 

ity Solicitor, howeyer, has informed the Secretary that the suit arose "in consequenoe of the City hating 
proceeded to erect steam-boat piers for Uie accommodation of the river traffic.** 



THE ESTABLISHMENT OF THE BOAED. 



The Fibst Act, 1867. 

The clauses of the Act of 1857 giye the establishment of the Board, and define its dniies and its 
})0wer8. 

Tho Act is entitled *< An Act to Proyide for the Conseryation of the Riyer Thames, and for tie 
Regulation, Management, and Improvement thereof.** [17th August, 1857.] 

Clause I giyes explanations of terms used, but the word POlxunoN does not ooour. 
Qause H proyides for appointment oi twelve Conservators, to be called " The Oonservmlocs of tie 
River Thames. 
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Clause m provides that the appointments are to be as follows :•— 

1 Lordlfayor. ^ 

2 Aldermen. | Of the City of London, 
4 Common Conhcilmen. ; 

1 Depnty Master of Trinity House. 

2 Appointed by Admiralty Commissioners. 
1 ,» „ Privy Council. 

1 ,, ,, the Corporation of Trinity House of Deptford, Strond. 

■ 

Clauses IV to XI refer to details of elections. 

Clauses XII to XLIII refer to the internal arrangements of the Board. 
Clauses XUV onwards to LI refer to power to make bye-laws. 

Clause UI provides that the powers of the Queen and of the Corporation are to be vested in 
the Conservators. 

The next clauses refer to letting piers, landing places, taking tolls, building piers and toll-houses, 
appointing harbour masters, raising sunken vessels, fixing buoys and beacons. 

XUYlII gives power '* from time to time, as occasions may require, to dredge, cleanse, soour the 

River Thames " and to abate and remove " all impediments, obstructions, and annoyances, 

and all nuisances and abuses whatsoever in the Biver Thames, or on the banks and shores thereof, 
whioh mav now or at any time hereafter be injurious to the Biver Thames, or obstruct or lead to 
obstouot the free navigation thereof." HN'ote the words *' cleanse '* and " nuisance."] Power is given 
for apparatus for humane purposes for shortening bends of river and preventing ballasc from being 
thrown into Thames. 

*' CII. Every person who shall unload, put, or throw into any part of the Biver Thames, or on 
any shore or ground below the high-water mark of the Biver Thames any rubbish, earth, ashes, dirt, 
mud, soil, or other matter, or allow any offensive matter to flow into the Biver Thames, shall forfeit 
for every such offence any sum not exceeding twenty pounds." [Note. — Any offensive matter.] 

Cni. Annual account to be sent to Commissioners of Woods and Forests. 

CIY. One-third of all moneys to be paid to Crown. 

CV., &c. Certain works to be under control of Admiralty. 

CIX. Trinity Corporation to remove shoals when required by Conservancy. 

The succeedmg clauses are mainly details of money affieurs. 

CLXm. Accounts to be yearly laid before Parliament. 

CLXrV., &c. Protectiag rights of Crown, Trinity House, Commissioners of Sewers, Metro- 
politan Board of Works, Dock Companies, Companies of Abbey Hill Biver, Commissioners of Works, 
the Crown in Biver Medwa^, the Duchy of Cornwall, the Duchy of Lancaster, the Inner and Middle 
Temple, the Mcu*quis of Salisbury, the Begent's Canal Company, Trustees of Biver Ijea. 

CLXXX. Short title, ** The Thames Conservancy Act, 1857." 

CLXXXI. The Act to come into operation 29th day of Septeknber, 1857. 



THE DEVELOPMENT OF THE BOAED. 



The history of the development of the Board in its ntjmbbbs, and in the EXTENSioir of its 
jiTBiSDicnoN as regards the lei^oth of the Thames, and the width on each side of the banks, 
will be seen from the following extracts from the Acts : — 

Tiis Second Act, 18(>4. 
The second Act, among other matters, provided for an addition to the number of the Con- 
servators. . , •*. 

It is entitled <* An Act to Amend the Laws relating to the Conservancy of the Biver TJtames; 
and for other purposes relating thereto." [29th Jtdff, 1864.] 

The preamble sets forth : — 
*' Whereas it is expedient to provide for the addition to the Conservators of the Biver Thanm of a 
certain number of elective Conservators, and to discontinue the exclusive rights of the Trinity House 
in relation to the supply of ballast in the Biver Thames, and to amend the Watermeu's and lighter- 
men*s Amendment Act, 1859 (hereafter in this Act called the Watermen's Company's Act), and to 
make better provision and regulation of the fisheries in the Biver Thames, and in other respects to 
amend the laws relating to Uie Biver Thames, and particularly the Thames Conservancy Act, 1857 
(hereafter in this Act called the Principal Act), &o. 

There are two clauses on the subjeiBt of the additions : — 

5, In addition to the twelve Conservators acting under the principal Act (to whom the designation 
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" the nominated Conservators," when hereafter used in the Act, refer), there shall be six Ca&serrfttan 
elected under this Act, who shall severally have and be subject to all the same or the like powen, 
fuuctions, duties, privileges, &o. 

6. The six additional Conservators (hereafter in this Act called elective Conservators) shall, Bubject 
^nd accordkig to the provisions of this Act, be elected by the following classes of electors (of which 
classes respectively they shall be deemed representatives), namely — 

" 2 by owners of shipping registered in the Custom House books of the Port of London (hwe- 

after in this Act caUed ship-owners) : 
'* 1 by owners of steamers surveyed and certificated as passenger steamers by the Board of Trade 

(under the Merchant Shipping Act, 1854, and Acts amending the same), and plying oq 

the Biver Thames not seaward of Gravesend (which steamers are hereafter in this Act called 

passenger steamers) : 
** 2 by owners of lighters and ateam-tags used on the River Tluiviea : 

** 1 by occupiers of docks on the Eiver Tharnes established under Charter or Act of Parliament 
— and of legal quays and sufferance wharfs on the River Thanves appointed by the Com- 
6 missioners of Customs (hereafter in this Act called dock-owners and Wharfingers)." 



The Thied Act, 1866. 

The third Act added five more Conservators to the Board, extended the control of the Con- 
servators from Staines to Criddade, and by section 63 made direct provision against pollution. 

It is entitled ** An Act for vesting in the Conservators of the River Thames the conservancy of the 
Thames and /»« from Staines, in the County of Middlesex, to Qricklade, in the County of WilU; 
and for purposes connected therewith." [6th August, 1866.] 

The preamble sets forth : — 

** VTherects the preservation and improvement of the stream bed and banks of the upper part of 
the T flames is an object of great local and public importance : 

** And whereas by the Acts described in the first scJiedule to this Act (to which Acts expression 
* the IJpx>er Navigation Acts* where used in this Act refers, and which Acts, or some of tnem, an 
severally referred to in this Act by the respective short descriptions in the same schedule contained;, 
certain powers for the maintenance and improvement of the navigation of the TTiames from Staina^ 
in the County of Middlesex, to Cricklade, in the County of Wilts, were vested in CommissionerB (in 
this Act called the Upper Navigation Conmiissioners) : 

'*And whereas by tiie Upper Navigation Act of 1795, the following persons are appointed the 
Upper Navigation Commissioners, namely, — [Here follows a list of the persons and members of 
corporate bodies who were ex-officio members of the Conservancy, and a statement of the property 

qualification which carried with it the right of a seat at the Conservancy Board.] And whereas 

tne Upper Navigation Commissioners thus appointed are inconveniently numerous, and not being a 

body corporate, they are ill constituted, &c And whereas it is expedient, with a view both to 

economy and efficiency, that the whole of the navigable parts the Thames be placed under one 

management, &c And whereas it is expedient that provision be made in this Act for 

preventing the pollution of the Thames between Cricklade and Staines, and the application for another 
Act for preventing the pollution of the Thames between Staines and the western boundary of the 
district under the authority of the Metropolitan Board of Works, be made to Parliament by the 

Conservators And whereas the companies constituted for supply water within tbe Metropolis, 

and drawing water for that purpose from the Thames have in consideration of the benefits 

that will accrue to them from this Act, and the other Act so to be applied for, consented to contribute 
as in this Act provided. And whereas," &c. 

Clauses 3 to 24 cive details respecting the election of five additional oonservatora. 

By clauses 6 ana 7 it is enacted that 

1 is to be appointed by the Board of Trade. 

4 are to be elected by such persons as for the time being respectively possess some one or mors 
— qualifications required for upper navigation commissioners. 
5 

52. The Conservators shall cause the surface of the Thames to be (as far as is reasonably psc- 
ticable) effectually scavenged, in order to the removal therefrom of substances liable to pntiefaction. 

N.B, — The following is the fir at clause referring to Pollution, 

63. From and after the passing of this Act it shall not be lawful for any person to do any of the 
foUoMring things, namely — 

(1.) To opiTi into the Thames any sewer, drain, pipe, or channel with intent or in order thereby 
to provide for the flow or i)a8sage of sewage, or of any other offensive or injurious matter : 

(2.) To cause or, without lawful excuse (the proof whereof shall lie on tbe person aocosed) to 
suffer any sewage or any matter aforesaid to flow or pass into the Thames down or through any aewcr, 
drain, pipe, or channel not at the passing of this Act used for that purpose : 

(3.) To open into any river, stream, out, dock, canal, or watercourse communicating with th« 
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— - - - * 

Thamn at any point within three miles of the Thamt^^ measured in a direct line therefrom, any sewer,, 
drain, pipe, or channel with intent or in order thereby to provide for the flow or passage of sewage or 
of any matter aforesaid in such manner that the same will be carried, or be likely to be carriea by, 
through, or out of that river, stream, cut, dock, canal, or watercourse into the Tliames : 

(4.) To cause or, without lawful excuse (the proof whereof shall lie on the person accused), to 
suffer any sewage or any matter aforesaid to flow or pass into any such river, stream, cut, dock, canal, 
or watercourse at any point within the distance aforesaid, down or through any sewer, drain, pipe, 
or channel not at the passing of this Act used for that purpose, in such manner that the same will be 
carried, or be likely to be carried by, through, or out of that river, stream, cut, dock, canal, or water- 
course into the Thames : 

If any person does any act or thing in contravention of this enactment, he shall for every such 
offence be liable on summary conviction to a penalty not exceeding one hundred pounds, and to a 
farther penalty not exceeding fifty pounds for every day during which the offence is continued after 
the day on which the first penalty is incurred. 

64. Whenever any sewage or any other offensive or injurious matter is caused or suffered to flow 
or pass into the Thames, or is caused or suffered to flow or pass into any river, or stream, cut dock, canal, 
or watercourse communicating with the Thames, at any point within three miles of the Thamss, 
measured in a direct line therefrom, in such manner that the same is carried or is likely to be carried 
into the Thames, then and in every such case, whether any such sewage or other matter aforesaid had 
or had not been so caused or suffered to flow or pass before the passing of this Act, the Conservators, 
within a reasonable time after knowledge of the fact, shall and they are hereby required to give notice 
in writing under their common seal to the x>erson or body causing or suffering the same so to flow or 
pass, to the effect that they require him or them to discontinue the flow or passage thereof as aforesaid 
within a time to be specified in the notice, not being in any case less than twelve months or more than 
three years ; provided, &c. 

The Fotjbth Act, 1867. 

The fourth Act (the Act recommended in the Act of 1866) extended the provisions of Section 52 
and Sections 63 to 69, inclusive in the Act of 1866, ** so as to apply to the Thames from the City Stone 
near Staines to the western boundary of the Metropolis, and to so much of every river, stream, cut, 
dock, canal, and watercourse communicating with that part of the Thames as lies withen three miles 
of the Thames, measured in a direct line therefrom.'' 

It is entitled *' An Act for Extending to the Thames between Staines and the Metropolis the pro- 
visions of the Thames Navigation Act, 1866, relating to the prevention of the pollution of the river, 
and for otherwise extending and amending the Thames Conservancy and Navigation Acts, and for 
other purposes." [17th June, 1867.] 

Section 5 provides that it shall be the duty of the Conservators, by all lawful and proper 
means, to preserve and maintain at all times, as far as may be, the flow and puritv of the water of 
the Thames and its tributaries down to the western boundaries of the Metropolis, €uid the discharge of 
that duty is defined as if the Acts of 1857, 1864, and 1866 were one Act. 

Section 9 provides for an annual payment of £500 to the Commissioners of Her Majesty's Woods, 
Forests, and Land Bevenues, in Hen of payments under Section 44 of the Act of 1857. 

[It is this Act which gives the Conservators authority over police arrangements on any occasion 
when, for a boat-race or a launch, &c., large crowds may assemble.] 



The Futh Act, 1870. 

The fifth Act, amongst other things, provides for the extension of the authority of the 
Conservators from three to five miles on each side of the river. 

It is entitled " An Act for Extending and Amending the Acts relating to the Navigation and Con- 
servancy of the Thames, and for other purposes." [1st August, 1870.] 

It is set forth in the preamble, "And whereas the limits within which the Conservators are 
authorised to exercise their powers of enforcing the discontinuance of the water of the Thames are 
too narrow, and it is expedient that they be extended, and that those powers be made to apply to the 
Thames below the Metropolis, except as in this Act provided .... Whereas it is expedient that 
measures shall be taken, as hereinafter provided, for the purpose of preventing obstructions to the 
navigation from the flow of the sewage into the river .... And whereas it is expedient that 
the Acts relating to the Conservators be in divers respects extended and amended . . . ." Three 
clauses only need be quoted. 

7. *< Section 64 of the Thames Act of 1866 shall have affect as if the words five nules therein 
inserted instead of the words three miles, and all provisions of tJbat Act relative to that section, shall 
have affect accordiDgly." 

18. The provisions of Section 52 and Sections 63 to 67, both inclusive, of the Thames Act of 
1S66, are hereby extended so as to apply to the Thames from the eastern boundary of the Metropolis 
to Tantlet Creek, and to so much of every river, stream, cut, dock, canal, and watercourse communi- 
cating with that part of the Thames as lies within three ndles of the Thames, measured in a direct 
line therefrom, and for that purpose the term " this Act " used in those provisions shall be taken to 



198 

indnde the present Act, but nothing in this section contained shall in any wise prejadioe, Imnrn, 
affect, or interfere with any of the ri^ts, powers, authorities, or privileges of the Metroxx>litan Bowd 
of Works. 

20. The Metropolitan Board of Works shall, at their own expense, keep the Thames free from 
such banks, or other obstructions to the navigation thereof, as may have arisen or may arise from the 
flow of sewage at their outfalls for the time being into the river, and for the purposes aforesaid the 
said Board shall have full power and authority from time to time to dredge the said river and to 
remove such banks or obstructions, but all such dredging operations shall be subject to the approval 
of the Conservators, and if they so require be carried on under their superintendence. 

The i)OS8ibility of the interests of the Metropolitan Boud of Works and of the Thames Conser- 
vancy clashing was anticipated, and Clause 21 makes provision for the settlement of disputes betweoi 
them ; it provides that di£Perenoes shall be referred to two arbitrators, one to be appointeii by the Con- 
servators and the other by the Metropolitan Board of Works, and an umpire to be appointed on the 
application of either party by the Board of Trade. And the clauses of the Railways* Clauses GonsoK- 
dation Act, 1845, with respect to the settlement of disputes by arbitration, are to apply, so far as they 
can:* And the arbitrators or umpires or referee are to make report to the Boara of Trade: *'And 
the Board of Trade may thereupon make such order and give such directions as to the removal of anj 
such bank or other obstruction to the navigation of the river as they shall think fit, and if they shall 
be of opinion that any such bank or other obstruction shall have arisen partly from the flow of sewage 
from the said outfall works or either of them, and partly from other causes, they shall determine the 
proportion in which the expense of removing any such bank or obstruction shall be borne by the said 
Boud of Works and the Conservators respectively, and the said Board of Works shall oarry out, 
imder the superintendence of the Conservators, all such orders and directions of the said Board of 
Trade, and the Conservators shall pay to the said Board of Works such proportion of any of the 
expenses incurred as shall be fixed by the Board of Trade, and in case of default, &c., &c.'* 



The Sixth Act, 1878. 

The sixth Act gave increased extent of jurisdiction by repealing the seventh section of the Act of 
1870, and making provision that Sections 63 and 64 of the Act of 1866 shall have efiPect as if Um 
words ten miles were inserted instead of three miles. 

It is entitled ** An Act for conferring on the Conservators of the Biver Thames further Powen, 
and for Extending and Amending the Thames Acts, 1857 to 1870; and for other purposes.** 
[8th August, 1878.J 

The preamble sets forth that for sanitary reasons, and for the purpose of more effectually pre- 
venting tne pollution and waste of the waters of the Biver Thames and its tributaries, and with th« 
view of therebv improving the supply of water to the Metropolis and other places, it is expodieot 
that the jurisdiction and powers in that behalf of the Conservators of the Biver Thames (in tnis Act 
called '' the Conservators *') be extended. 

It then recites that the following six Companies supplying water within the Metropolis, by agree- 
ment with the Conservators, respectively make an antiiii ftl payment for liberty to draw a oextais 
quantity of water from the Thames : — 

Thx Chblsba CoicPAinr. 

The Lambeth Compaity. 

The Gbaitd Jitnction Compaky. 

The Southwabk Cohpaitt. 

The East London Company. 

The West Middlb8bx Company. . 

It then states that the funds available for the preservation of the navigation and the good 
government of the said river, and for the protection of the waters thereof between Staines and 
CricUade (known as, and in this Act called, <* the upj^er navigation "), are wholly inadequate far soch 
purposes, and the six Companies are willing to make increased payments for the advantages already 
secured to them and to accrue to them under the provisions of tnis Act. 

It is then enacted — 

3. Section 7 of the Thames Navigation Act, 1870, is hereby repealed; and Sections 63 and 64 of 
the Thames Navigation Act, 1866, shf^ have effect as if the words ten miles were therein insertei 
instead of the words three mUcs ; and all provisions of that Act relative to that Sectaon f^^w haw 
effisct accordingly. 

9. All persons cutting weeds, grass, or other vegetation in the Biver Thames> or in any strcam. 
canal, or watercourse communicating with the river, shidl remove therefrom such weeds, grass, or 
other vegetation immediately after cutting, so as to prevent their remaining in and decaying aad oon- 
taminating the water of the said river, and no person shall throw, sweep, or cause to be thrown or 
swept, any weeds, grass, or matter of a like nature into the River Thames, or into koj stream, canl 
or watercourse co mmun icating with tiie river ; and if any person wilfally and imk notios of thi« 
enactment does any act or thmg in contravention of this enactment, hesliall be liahla to tha saiN 
penalties as any person acting in contravention of Section 63 of the Thames Natintion Aol, IM, 
IS liaible* 
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THE PRESENT CONSTITITTIOir ANB JUBISDICTION OF THE 

BOARD. 



The Board ccfomsts of 23 members, some of whom sit ex-^fficio, some as nominees of €h)yemment 
departments, and some as representatiyes of Oorporations or trading oommunities, or of the old 
Conserratora of the upper Thames. 

Thennmberismadenpthus: — ™b odpmn jtata 

•^ under whidi Act the 

appointment is made. 
JSx'Offleio, 

1 The Lord Mayor 1st Act of 1867. 

1 The Deputy-Master of the Trinity-house Ist Act of 1857. 

B&presenting Government Departments, 

1 One nominated by the Privy Council 1st Act of 1857. 

2 Two „ „ Admiralty Commissioners 1st Act of 1857. 

1 One „ „ BoardofTrade 3rd Act of 1866. 

Eepresenting Corporatums. 

4 pT^co^Scoiiidhi^;!!!:!:;;::!;;;;;::!::;! ut Act of 1857. 

1 One representatiye of the Corporation of ihe Trinity-house Ist Act of 1857* 

Bepresenting trading communities, 

2 Two by owners of shipping registered in the Custom-house books of the Port \ 

of London, called ship-owners 

1 One by owners of steamers surveyed and certificated as passenger steamers by 

the Board of Trade (imder the Merchant Shipping Act, 1854, and Acts 
amending the same), and plying on the Biver Thames not seaward of 
Gravesend, called passenger steamers ]2nd Act of 1864. 

2 Two by owners of lighters and steam-tugs used on the Biver Thames 

1 One by owners of docks on the Biver Thames established under Charter or Act 

of Parliament and of legal quays and sufferance wharfs on the Biver Thames 
appointed by the Commissioners of Customs, called dock-owners and 
wharfingers / 

Bepresenting t?ie old "tipper" Conservators. 
4 Four representing ** Upper jN'avigation Commissioners" 3rd Act of 1866. 

23 



^ The jurisdiction of the Conservators as regards the length of the river is now from Cricklade to 
an imaginary line drawn from the entrance to xantlet Creek (Kent) to the City shore opposite Cauvey 
Ldand (Essex). It was at first 

From Staines to this imaginary line by Ist Act of 1857. 

The jurisdiction from Stames to Cricklade was added nine years after by . . . . 3rd Act of 1866. 



The jurisdiction of the Conservators is, as regards the width of area, now for ten miles each side 
of the Thames, ''measured in a direct line therefrom," so far as control over sewage pollution is 
concerned* 

The jurisdiction was limited to the Thames itself by IstAotof 1857. 

It was extended to three miles on each side of the river for the purpose of ) ^^ ^^ ^1 1867* 

the prevention of pollution by j 

It was extended to five miles by 5th Act of 1870* 

„ tenmilesby 6th Act of 1878. 

%• The Board has received firom time to time ftdditioxis to its power with lespect to several o^ its fanctioii% 
but as these notes are limited to control over poUutioD^ ^oy are not here referred to. 
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WHAT THE BOABD HAS AUtEADT DONE IN CHE 

POLLUTION. 



Section 64 of the Thames Navigation Act of 1866 directs the way in which the ConseiTBrton are to 
proceed in the prevention of pollution of the river, and the streams that flow into it. 

Section 68: — **It shall not be competent for any x>erson other than the Conservators, their officers, 
attorneys, solicitors, or agents, to institute or carry on any proceeding or prosecution under the 
provisions of this Act relative to the flow or passage of sewage, or of any matter aforesaid." 

In the reports there are references to the appointment of officers for carrying out the work. For 
example: — No. 5. '*Two additional men have been appointed as inspectors of nuisances." No. 10. "A 
superintendent of the upper part of the river has been appointed." ** Lock-keepers and workmen are 
required continually to remove from the stream dead ammals and other offensive or injurious matter 
into the river.'' 



RETURN to an Order of the House of Commons, dated July 12, 1876, for a COPY " of STATEMENT of 
the result of the NOTICES served by the CONSERVATORS of the River THAMES under the Thames C<m. 
aervanoy Acts, for Ihe cUscontinnanoe of the passing of sewage, or any other ofPensivo or injurious matter, into 



the river above the intake of the water companies supplying the metropolis." The return ia^ signed by the 

Board. The state 
Lccounts and Papei 
following is an abstract only. The date given in each case is that when the diversion of the sewage wai 



Secretary of, and dated from, the Local ciovemment Board. The statement is signed by the Secretazy to the 
Thames Conservanoy. The return is published in *' Accounts and Papers,*' 187G, Vol. LX, p. 641. The 
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oompleted : — 

Oxford 

Abingdon 

Christ's Hospital .., 

Mr. Yeates.. 
„ Bailey.. 

Twelve other notices 
Wallingfoid— 

Borough 

Mr. HiUiard 

Eight other notices 
Goring 
Pangboume 
Maple Durham 
Reading 

Shiplake 

Wargrave. 
Henley-on-Thames— 

Mayor and Aldermen .. 

Inspectors of Nuisances. 
Remennam •••••••••••• 

Huriey 

Bisham ••••• 

Ghreat Marlow 



• • • • 



Works in progress. 
Borough works in progress. 
Oct., 1870. 
March, 1873. 
Feb., 1874. 
No information. 

May, 1874. 
Oct., 1871. 
No information. 
Oct., 1871. 
June, 1876. 
Oct., 1871. 
Works in progress. 
Oct., 1871. 
Oct., 1871., 

Oct., 1871. 
Aug., 1869. 
Oct., 1871. 
June, 1874. 
Oct., 1871. 
Oct., 1871. 



Cookham 

[ Clief den 

Maidenhead 

Windsor 

Windsor Oastle .... 
Windsor (Old) .... 

Eton College 

Eton Union 

Slough 

Datchet 

Clewer^ 

SirD. Gooch.... 

Mr. Gristwood .. 

Egham 

Staines — 

2 notices 

4 others 

Chertsey 

Shepperton 

Weybridge 

Halliford 

Walton-on-Thames 
Sunbury 



k • 



Oct., 1871. 
Oct., 1871. 
April, 1871. 
Works in progress. 

, 1872. 
Sep., 1871. 
No information. 
May, 1874. 
May, 1874. 
May, 1874. 

Nov., 1873. 
June, 1874. 
June, 1874. 

April, 1875. 

Under notice by Solieittjr. 

April, 1875. 

April, 1876. 

April, 1375. 

April, 1875. 

March, 1874. 

March, 1874. 



%* Sxnoe the compilation of this report in 1876 the following works have been oompleted :— 

Abin^on Beoember, 1877. 

Reading December, 1877. 

Windsor • October, 1877» 
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EXTRACTS PROM ANNUAL REPORTS OF THE PROCEEDINGS OF THE CONSERVATORS 

OF THE RIVER THAMES. 

Trb Refosis arb iCABB IK CoiiFOBiaTT WITH SscnoN 48 OF THE Thahes Consebyakct Act 07 1857. 



Rep. Con. 

Th. 

1. 


FarUamentary 

Papers. 

1859. 

Sees. 2. 

XX vi. 

p. 369. 


[The First Report includes from October 7, 1857, to 31 December, 1858.] 

Mentions first meeting of the Conservators held at Mansion-house, London, on 
October 7, 1867. 

Election of engineer (Mr. S. W. Leach), and secretary (Commander E. Burstal, 
R.N.), October 10. 

The Corporation of London transferred to the Conservators the land and other 
property the Corporation had acquired for the maintenance and improvement of 
the Kiver Thames. The meetings were held at Mansion-house till November 25, 
when the house in Trimty-squaPB, Tower-hill, was purchased. 

Record of work done refers to dredging, removing shoals, the raising of wrecks, 
and general regard to navigation. Teddmgton Lock reconstructed. 

**The state of the river in hot weather, in the months of Jime and July last, 
have been carefully considered with a view to asoertainmg the cause.'* 


2. 
For 1869. 


1860. 

Ixi. 

p. 551. 


[This and succeeding reports are for the twelve months from January 1 to 
December 31 in each year.] 
Moubey Weir reconstructed. Record of shoals moved and wrecks raised. 


3. 
For 1860. 


1861. 

1. 

p. 765. 


Attention ^d to banks and sea walls. Shallows removed and river deepened. 
Thn OommiMyioTierB find out they hi^'Ve nnt power over fisheriest — fA Que^* Btn^h 




deeiiionj 


4. 

For 1861. 


1862. 
xlvii. 
1 p. 502. 


Allusions are mostly to piers and quays. 

'* EveiT effort has been made to improve the condition of the water of the river. 
The discharge of poisonous matter from gas and other works tiiey beheve has been 
considerably checked by the vigilance of their officers and the prosecutions they 
have felt it their duty to institute against persons offending.'* 


• 

5. 
For 1862. 


1863. 

1. 
p. 127. 


Mostly on dredging and moorings. 

*'A rigid inspection has been maintained, and such proceedings as appear 
necessary have been taken to check, as far as possible, tiie practice of discharging 
mud and other deleterious matter into the river, and for this purpose two additionju 
men have been appointed as inspectors of nuisances.*' 


6. 
For 1863. 


1864. 
1. 
. p. 176. 


On dredgings, and piers, and moorings. 


7. 
For 1864. 


1865. 

xlvii, 

p 179. 


Report complains that Thames Embankment has lessened the volume of water 
without adding compensation by dredging. 
Six additional members added pursuant to 27 and 28 Vic, c. 113. 
Attempt to stop Kingston-on-Thames sewage scheme failed. 


8. 
For 1865. 


1866. 

lix. 

p. 189. 


(The Report is only 12 lines.) Mentions the Conservators' power over **the pre- 
vention of nuisances, or of the pollution of the stream by the dischargee of noxiouB 
matters into the river or its affluents." 


9. 
For 1866. 


1867. 

lix. 

p. 173. 


*' Proceedings have been instituted against persons for throwing mud into the 
river, and against the owners of gas and chemiod works for permitting gas refuse 
and offensive matter to pass into tne river, and 77 convictions have been obtained." 

*' By the 62nd section of the Act of 1866, the duty of scavenging 

the river was imposed upon the conservators, and this has been carefully attended 

to." ** EarW'in the present year, and as soon as the Conservators 

had obtained the necessary information, they caused notices to be served on the 
proper authorities at Oxford, Abingdon, WaUingford, Reading, Henley, Marlow, 
Cookham, Windsor, and Jfiton, requiring them to discontinue the flow or passage of 
sewage or any other offensive or injurious matter into the river " 

Four Conservators added. 


10. 
For 1867. 


1867-8. 

Iv. 
p. 636. 


Refersnce to dredging, &o. 

<* In conformity with the requirements of the Thames Conservancy Act passed in 

June, 1867, notices have been served on all persons or bodies in ohar^ of sewers 

between Staines and the western boundary of the metropolis, requirmg them to 

discontinue the passing of sewage into the river, and there appears to be a general 

dAfdm on thft p^ c* tno8e Authorities to meet the requirements of the legislature." 
• • • « •* • • 

'< Throughout the course of the river the scavenging imposed by the Act of 1866 
has been attended to. The lock-keepers and workmen are requirod continually to 
remove from the stream dead animals and any other offensive substances that may 
be floating upon it." 

"A mipenntendent of the upper part of the river has been appointed, whose 
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special attention is directed to the stora^ and nnri^ of the water. In addition u 
the notices reported last year that were served upon the local authorities Yumss 
chargfe of the drainage, the Conserrators have, in conformity with the 64th Kctit^ 
of the 29 and 30 Vic, c. 89, given notice to the owners of every paper mill, on ani 
within three miles of the river, requirinfi^ them to discontinue the practise of psssbg 
the liqoid matter produced in the manufacture of paper into the rirer." 



11. 

For 1868. 



1868-9. 

1. 
p. 637. 



12. 
For 1869. 



13. 
For 1870. 



1870. 

Ivi. 

p. 729. 



1871. 

Ivi. 

p. 801. 



Reference generally to efficiency of works. 

''The condition of the river near the main drainage outfalls at Barking ati 
Crossness has continued to receive their anxious attention. Repealed surrtr. 
having convinced them that shoals have been created by the deposit xrom these ou:- 
f alls, the Ck)nservatorB made a formal complaint to the Secretary of State for ib- 
Home Department, as directed by the Act of Parliament 21 and 22 Vic., c 104 : 
and although no further decrease of the depth of water or actual im^edimoit t 
navigation has yet been, caused, the Conservators find that the deposited nutkr 
now spreads over an increasingly extensive area of the bed of the river, and thu 
fact must be regarded with considerable apprehension as to the results. 

" The Conservators feel it tiieir duty to remark that a considerable portion of tb^ 
sewage of the metropolis north of the Thames still continues to pass into the rinr 
between Chelsea and the Isle of Dogs. 

• «•••• • 

** The Conservators have not omitted any opportunity for improving the oonditi'-B 
of the water. They have given the requisite notices to discontinue paaainff wew^ 
and refuse into the river. In many cases the discharge has been stopped, sod is 
many others non-compliance has arisen from the uncertainty as to the Mst mode '4 
disposing of the sewage. In nearly every case the local authorities and others hat? 
now decided to adopt some practical scheme, so that in a short time the Conserraton 
hope they may be able to announce that sewage and other impurities no longer {«* 
into the river westward of the metropolis." 



<< In consideration of the difficulties experienced by several large towns in d> 
posing of their sewage, the Conservators nave, on various occasions, extended tl« 
time allowed for this purpose.'* 



Teddington Weir rebuilt. ** With reference to the condition of the water tb^T 
have unceasingly endeavoured to prevent the introduction of sewage and tnJb^ 
impurities into the river, and have caused the river aboye the metropolis to bt 
carefully scavenged. 

''In manycases their notices and remonstances have had a beneficial effect. £t ^ 
has set an excellent example in having diverted its sewage ; and the largv md 
important town of Reading obtained parliamentary powers in the last Bebac 
effectually to divert its sewage from tne Thames, ana the local board has taks 
vigorous measures to carry the Act into execution. 

** Plans for the complete drainage of Oxford, and the diveraion of the aewage frjc 
the river have been adopted by the local Board, and approved by the Ooveniaie£t- 
Windsor and Kingston-on-Thames, both of which have reoeiTod final notioes to 
discontinue the discharge of their sewage into the Thames, have as yet executed c' 
works." 



14. 

For 1871. 



16. 
For 1872. 



16. 
For 1873. 



17. 
For 1874. 



1872. 

xlvii. 

p. 747. 



1878. 

m. 

p. 649. 



1874. 

lu. 

p. 739. 



1876. 

Ix. 

p. 713. 



!Has reference mainly to looks. 
Complaint of want of funds. 



All has been done '* to the furthest extent which the funds at the ilinpiTia? of tk 
Conservators would admit.*' 



The Conservators have not ceased to urge upon those local authorities who bavr 
not yet complied with the notices served on them, requiring the diversioti from t> 
river of the sewage of the districts xespeotively under their control. 



Report begins with drawing attention to fact that the river under the JQzisdiect;3 
of Conservators is divided into lower navigation and upper navigatton. 

Lowxft NAViOATioir (Staines to Yantlat). 

The Conservators continue to watch with anzioiis apprehension the diachaig^ <^ 
the sewage of the metropolis at Barking Creek and Croamess ; the periodical tarr^v 
made by their officers show that at i& latter place, especially the shoal near tk 
outfall, is gradually increasing and extending. A letter, accompanied by pUs^ 
was sent to the Metropolitan Board of Works in July, 1874, directing attenttja 
to thia suVjeot. 

Vmst Kateoaziov (Staines to Crioklade)* 

Want of fundi again noticed. 

On reviewing t& results of the notices served on various penoui and pisc^ 
requiring the cuversion of sewage or other offsnslTe or injmiooa mattsr ftv 
flowing hito the river^ the Consemlors are aUe to report that above the tntakw ^ 
the water compaaiefl only four tawnB dull p«M their foirvffo into Hw ttm: ^* 
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18. 
For 1876. 



19. 
For 1876. 



1877. 
IxYiii. 
p. 637. 



p. 643. 



20. 
For 1877. r 



1878. 



thefle, two, Oxford and Beading, have sewage works in a forward state ; and of the 
other two, Windsor have conunmoed the sewage works, and Abingdon is about to 
do the same ; a hope may, therefore, be entertained that above we source of the 
chief water supply of the metropolis all sewage will very soon be divertkl from the 
river. 

Betweeii the intakes of the water companies and the western limits of the metro- 
polis, where the main drainage schemes oomes into operation, a less satisfactory state 
of matters prevail. 

Notwithstanding the measures taken by the Conservators under their Acts of 
Parliament, the local authorities, with the exception of TwiGkenham, have not yet 
diverted their sewage from the river. 

The Conservators will not relax their efforts to enforce a compliance with the 
provision of the Thames Conaorvanoy Acts tiill the diversion of the sewage and the 
consequent purifioatian of tiie river above the limits of the metropolis has been fully 
aocompUshed. 



Dredging between Teddington and Richmond has been oontinued. • • • * 
The annual survey made by the officers of the Conservators at the Barking and 
Crossness sewage outfalls in the months of lilay and June, 1876, shows an increase 
of the mud deposit from the discharge of the sewage of the metropolis at these 
points. *•••«•• 

On the subject of the diversion of the sewage from the river, a statement showing 
what has been done up to the raesent time al^ve the intake of the water companies 
has been recently laid before JParliament ; it is, therefore, unnecessary to refer in 
detail to this part of the sewage question, espedaUy as the present report only deals 
with the occurrences of the year ending Slst December. 

In the district below tiie intakes of Uie water companies, but above the western 
limits of the metropolis, the sewage of the various places, with the exception of 
Twickenham, has not yet been diverted from the river. 

In the latter part of 1876, an inquiry was instituted by Colonel Cox, B.E., under 
the direction of the Local Oovemment Board, and at the instance of the local 
authorities, as to the best mode of dsiUing witii the sewage of the various places 
in the Thames valley below the intakes. 



A careful survey of the state of the river near the sewage outfalls at Barking 
and Crossoess is made annually. The survey of 1876 shows that the deposit still 
continues, notwithstanding the great scouring effects of the floods in the winter 
1876-6. • • • ^ • • • 

Notwithstanding delays caused by the recent floods, the Conservaton hope that 
an the sewage above the intakes A the metropolitan water companies will soon 
be diverted from the river. 

In the district below tiie intakes of the water companies, and above the western 
limits of the Metropolis, the sewage of various places has not yet been diverted 
from the river, notwithstanding the legal measures taken by the Conserrators. 

Two reports have been made to the Local Government Board by their inspector, 
as to unitmg the various authorities of this locality, so as to form one board dealing 
with the sewage of the combined district. As the Bill for oaxrying out this mode 
of dealing wim the sewage is now before Parliament, the Conservators hope that 
this sewage will ere long cease to flow into the river. 

^% This r$pori U followed byomonthe workt in the upper dktrict •/ ih€ river, and 
on thejloodo in the Thames vall^. 



The annual survevs ot the river near the great sewage outfalls at Barking and 
Crossness having uiown that accretions are taJdng place in the river, both above 
and below these outlets, the Conservators deemed it deorable that the facta brought 
to light by these annual surveys, and by the uialyses of materials taken from this 
part of the river, should be thoroughly investigated. Hub inquiry was entrusted 
to Captain Calver, B.N., F.B.S. . . . Oa the receipt of his report it was sent 
to the Metropolitan Board of Works, from whom the Ck)nservator8 have reoently 

leoeived a imty, which is now under their oonsideration. 

• • • • • • ♦ 

Owing to the high floods eaxly in the year, the sewage woiks at Oxford have 
been delayed^ but the ConservatorB trust that ere long these will be completed. 
Owing to an unfoiraeen difiBculty, the Windsor sewage works aie not quite, tnough 
very nearly, completed. Wixa xhbsb xzaEFOovB, azx ths eswAes vobmbblt 

FLOWINO mrO THB BIVEB ikSOVB THB ZZfEAXaS OF TKB WAXBB 0Q9CPANIHS HAS, 60 FAB 
AS THB CONSESYATOBS HAYB BBBN ABUB XO I>IBC07BB> NOW BBBV BIYSBIBD FBOK 
THB BIVBB. 

Careful supervision has been exercised over the mills, which ax« oihiefly situated 
in the tributaries within the five mUe limit of the Conservaton' jurisdiction, and 
effluents of an obnoxious and injurious bharaoter have been prevented from flowing 
into the river. 
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ACTS OF FABUAMENT. 



Viofc. 20 and 21, 

cap. oxlvii. 

(Local.) 



Dati. 

17th Aug., 

1857. 



Bbobt Titlb. 

The Thames Conseiranoy Act, 1857. 

[Giyen in sec. dxxz.] 
The preamble redtes all preyious Acts.] 



Vict. 27 and 28, 
cap. cxiii. 
(Goi. pub.) 



Vict. 29 and 30, 

cap. IXTTJX. 

(Gen. pub.) 



Vict. 30, 
cap. d. 
(Local.) 



Vict. 33 and 34, 

chap, cxlix. 

(Local.) 



Vict. 41 and 42, 

chap, ooxvi. 

(Local.) 



29th Jidy, 
1864. 



6th Aug., 
1866. 



The Thames Conservancy Act, 1864. 
[Given in sec. i.] 



The Thames Navigation Act, 1866. 
[Given in sec. i.] 



17th June, 
1867. 



The Thames Conservancy Act, 1867. 
[Given in sec. 1.] 



1st Aug., 
1870. 



8th Aug., 
1878. 



The Thames Navigation Act, 1870. ^ 

[Given in sec. i, which alsoprovides that "This Act and tlie Ttoa 

Actsjexdufiive of the Thames Act of 1810) may bo cited togvotf 

as *The Thames Acts 1857 to 1870.' '' 



The Thames Conservancy Act, 1878. 

[Given in sec. i, which also provides:— << This Aot and the ThsaM 
Acts, 1857 to 1870, may be dted together as the Thames Acts ISOT 
to 1878, and shall be read and have effect together aa one Act.*' 



^* The titles '* Navigation Act," or "Conservancy Act," do not indicate in any way which Acta coatis 

provision for the prevention of pollution. These are Acts 3, 5, and 6. 



SEFOBTS ON STATE OF THAMES. 



Rep. 
Bel. Com. 


1836. 
Vol. adv. 


Beport of Sdect Committee on the state of the Fort of Lcmdon. 
Beport. Minutes of Evidence. 
Appendices. 


Bep. 
Sel. Com. 


1840. 

Vol. xii. 

p. 271. 


Beport of Select Committee on Thames Embankment. 
Beport, Evidence, Appendices. 
Appendix 2 contains, at p. 86, sectional area of Thames taken in 1823 and IbSl. 




1867. 

Vd. xiii. 

p. 165. 


Beport made to the First Commissioner of Works, by Conunaiider Buntal 
R.N., on the state of the Biver Thames from Putney to Bothethithe, daUoi 
the 27th day of January, 1857. Beport, 4 pages ; sections, 18 sheets. 




1865. 

Vol. xlvii. 

p. 175. 


Beport by Mr. S. W. Leach, engineer to the Conservators of the Biver Thames, 
upon the present condition of the works in the upper districta of that river. 




1867-8. 
Vd. Iv. 
p. 611. 


Correspondence between the Thames Conservancy Boaid and the Ketiopobtu 
Board of Works on formation of mud 



617 Notices given. 
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SELECT COMMITTEES. 



Sol. Com. 
on 
rhames Conaenr. 




Report of the Select Committee appointed to inquire into the operation of the 
aeveral Acts of Parliament relatiagp to the Ck)nBervanc7 of the River Thames, to 
the buoyage, &c., &c. 

Report, X pages. Minutes of Eyidence, pp. 274. 

Appendix 2 (p. 302) gives outline of law, with references, p. 313 gives other 
livers. 

Select Committee Thames flood Prevention. 



COMMISSIONS. 



1854. 
xxvi. 



Commission on Corporation of London, p. 26 of Report on Conservancy. See 

also Index. 
E. L. Pemberton gives explanation of case between Board of Works and Coxpora- 

tion. It began in 1836. . 



Royal Commission to inquire into the Municipal Corporations of England and 

Wales. 
2ndReport, London and Southwark (ordered to be printed 26th April, 1837.] No. 239. 



LIST OF BOOKS AND PAMPHLETS. 



Author. 


Date. 


Title. 


FabUaher. 


Roger GiifBths 


1746 


An Essay to prove that the Jurisdiction and Con- 
servaov of the River Thames is committed to the 
Lord Mavor and City of London, both in point of 
right una usage 


Robert Brown. 


Robert Binnell 


1758 


A Description of the River Thames 


T. Longman. 


Alexander Palling 


1842 


A Practical Treatise on the Laws, Customs, and 
Regulations of the City and Port of London 


y. and R. Stevens and 
G. S. Norton. 


George Norton 


1869 


Commentaries on the City of London. (Conservaoy, 
p. 390, &c.) 


Longmans, Green, & Co. 


Joseph F. B. Urth 


1876 


Municipal London. (Conservancy, p. 465, &c.) 


Longmans, Qreen, & Co. 


E. K. Calvep 


1877 
Oct. 15 


Report upon the Discharge of Metropolitan Sewage 
into the River Thames at Barkmg Creek and 
Crossness 


£. F. Gooch & Son. 


S. W. Leaoh 


1878 
Aug. 81 


Remarks on the Report of Bazalgette, Law, and 
Chatterton 


Printed by 
E. F. Gooch & Son. 


E. Borstal 


1878 
Sept. 6 


Observations on the Reply of Bazalgettc, Law, and 
Chatterton 


E. F. Gooch & Son. 


E. K. Cal^-er 


1878 
Sept. 6 


A Rejoinder to Bazalgetto, Law, and Chatterton, 


E. F. Gooch & Son. 



CATALOGU E 



07 TKB 



EXHIBITION OF MECHANICAL & CHEMICAL APPARATUS, 



BBLATDTO TO 



WATER SUPPLY, TREATMENT OF SEWAGE AND HEALTH. 



1. Alirbeoikar, H. C, and Bon, 117, Btamfotd-Btrdet, 

S.£. — Patent water meter. 

2. Alley and MaoLellen, 2, Peel-street, London-road, 

Glasgow. — ^Foulia* patent water gofremor and 
'' The Sentinel " water meter. (See adyertue- 
ment.) 

3. Banner, E. G., 11, Billiter-aqnare, London, E.G.— 

Patent ventilatang oowb, traps, and drain-pipea. 
Models illustrating Banner* 8 B^atem of sanitation. 
(See advertiaement.) 

4. Beard, Dent, and Hellyer, 21, Kewoastle-street, 

Strand, W.C. 
(1.) Patent drain syphon . and sewer in- 

teroeptor. 
(2.) Patent vortex closet. 
(3.) Patent waste preventor and drain in- 

teroeptoT. 
(4.) Hellyer's patent triple-dip trap or waste 

veceirer and drain interoeptor. 

5. Bel, A. and Co., 34, Haiden-lane, W.C. — Appantns 

for ascertaining the hardness of, and for porifying 
water by Clarke's process. (See advertasement.) 

6. Bird, P. Hinckes, P.B.C.8., F.L.S., 1, Norfolk- 

square, W. — Models illustrating a system of cost- 
less ventilation. 

7. Bolding, John, and Sons, 19, Soatli Molton-street, 

W. — Improved water-closets. 

8. Boetel, D. T., Duke-street, Brighton.— Patent 

Ezoelsior valveleas water-closet and automatic 
self -flushing dstem. (See advertiBement.) 

9. Boyle and Co., 100, UtoheU-street, Gkagow.— 

Patent self-acting air-pump ventilators. (See 
advertisement.) 

10. Bradbury, William, 57, Cross-street, Oldham, Lan- 

cashire. — ^Patent non*infeotious, non-repulsive, 
portable, and sanitary bed-commode and warming- 
pan combined. 

11. Brongh and Bell, 5, Chester-road, Sunderland.— 

Patent self -dosing taps and valves. 



12. Buck, N., 31, BxondBsbnry- villas, IQIbDni,y.W.- 

Drawings and working model, illustrating Back'i 
rain water peroulator, oar self-aoting qipint* 
for storing rain water. 

13. Capper and Co., 69, Graoebhnioh-streei, LoDdv. 

E.C.— Pearson's patent trapless "TwinBara' 
water-closet. 

14. Carsley, W. and S.— Models illusteatiiig Jfi^* 

patent improved system of drainage and nat]]** 
tion, for preventing foul gas from entoiu 
house drains and thoroughly ventOatingeacliroGa 
16. Casartelli, Joseph, 43, Market-atreet, Msnrhwrtg- 
Stand for disinfeoting rocma by MilphBn«*c^ 
gas, as used in the Oldham Health DepsftaoL 

16. Clarke, J. F., 49, Moorgate-stveet, E.C. 

(1.) Patent portable hydrant. 

(2.) Patent self -flushing water*efosel ditef» 

(3.) Dr. Letheby's improved sanitary fiber. 

(4.) Patent range tap for supplying eoU vi> 
to the boiler at the same tiM tkatk< 
water is leing drawn off. 

(6.) Drawings of self-flnahing, vata wm 
preventing water-closet, and Cbt^'* 
patent snow-meltiog appaiatm. 

(See advertisement.) 

17. Craig, J. and M., HiBhwid, KSbnanoA. 

(1.) Bnchan's patent ventilating sypboa tit:^ 
and fittings for drams, soO ptpei, i<^- 

(2.) Buohan's patent flat and raised ekanss; 
or ventilating stonas. 

(3.) Buehan's anti beU-trap. 

(4.) Bndhan's patent self-aotiiig a^ 
current fixed ventilator. 

(See advertiseaient.) 

18. Crossley, D., Bfighonse, Yoikdiire.— O^?' 

improved patent ventalatoia. 
(1.) Self-acting valve ventilator. 
(2.) Self-acting screen ventilator, 
(3.) Fixed louvre ventilator. 
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19. Dvria and Co., 90, Crampton-street, Kewington- 

butts, London, S.E. — ^A B C water testing 
apparatus. 

20. Denton, J. Bailey, 22, Whitehall.plaoe, S.W.~ 

Self -supplying aerated filter. 

21. Goodwin, B., Chesterfield. — <' Perfect" stench 

and vermin proof trap, with mud box, and 
arrangements for keeping drains free from 
rubbish ; also loose slide to admit of the whole 
being thoroughly deansed when required. 

22. Greenway, H., Plymouth. — Model of transTerse 

section of a one-story building, showing method 
of improved hospital oonstroction as suitable for 
a fever hospital. 

23. Griffin, John J. and Sons, 22, Garriok-street, W.C. 

(1.) Dr. CQarke's apparatus and solutions for 
testing the hardness of waters, and for 
softening them. 
(2.) Wanklyn's apparatus for testing waters 

by the ft-mfTifwiitt. process. 
(3.) Apparatus for working the moist com- 
bustion process, as patented by Wanklyn 
and Cooper. 
(See advertisement.) 
4. Haresceugh, B. B., and Co., Bentinok-street, 
Sunny-bank, Leeds. ^Oak excreta receptacle 
with patent spring lid. 

25. Heron, Dr., 40, Hargaret-street, Cavendish-sqtnare, 

W. — ^Model of plan for preventing the entrance 
of sewer-gas into dweUings. 

26. Horseley Company, Limited, Horseley Works, 

Tipton, Staffs. — Latham's 20-in. sewerventilator. 

27. Howard, E., 1a, Upper Baker-street, W. — Closet, 

with improved patent duplex lid fittings and 
automatic fiusher and ventilating flue. (See 
advertisement. ) 

28. India-rubber, Gutta-percha, and Telegraph Works 

Company, Silvertown, Essex, and 106, Cannon- 
street, E.C.— Electrical water-level indicator, 
for showing the actual height of the water-level 
in feet or inches, in reservoirs, tanks, rivers, tide- 
ways, ftc, at no matter what distance from the 
water the instrument may be placed. (See 
advertisement.) 

29. Johnson, — , Engineering Works, Carpenter' s-road, 

Btratford, E.— Patent hydraulic filter for the 
treatment of sewage sludge on the pneumatic 
ftystem. (See advertisement.) 

30. Lambert, Thomas and Sons, Short-street, Lambeth, 

S.E. — Patent self-closing valves and water- waste 
preventers. 

31. Le Grand and Sutdiff, Hagdala Works, 100, 

BunhiU-row, E.C. — Model of Norton's patent 
Abyssinian tube well driving apparatus. 

32. Lloyd, T., The Square, Winchester, Hants.— 

Patent extract ventilating cowls. 
(1.) In strong zinc for 2-inch ventilating shaft 

from soil-pipe. 
(2.) In copper for zinc shaft from drain. 
(3.) Model in strong zinc with base and shaft 
for ventilation of buildings. 



38.—' 



39. 



(4.) For ventilation of railway carriages or 
closed vehicles. (See advertisement.) 

33. London and General Water Purifying Company, 

167, Strand, London, W.C. — ^Various forms of 
filters: water-testing apparatus. 

34. Monson, E., High-street, Acton, W. — ^Models of 

bricks made from sewage sludge. 

35. Moule's Patent Earth-doset Company, 6a. , Garrick- 

street, London, W.C. — ^Moule's patent pull-up 
action apparatus for earth or ashes, and the 
hopper only, of a similar apparatus, showing the 
parts for delivering the earth. (See advwtise- 
ment.) 

36. MuUer, J., 30, Craven-street, Strand, London, 

W.C. — Patent water meter. 

37. Cakes and Bobinson, 39, Queen Yiotoria-Btreet, 

London, £.C. — ^ModeL of patent filter press, for 
rapidly and economically extracting moisture 
from the semi-fluid products of breweries, sewage 
precipitation works, potteries, sugar factories, 
chemical works, ftc. (See advertisement.) 
Oimsby, R., Scientific Club, 7, Savil-row, W.— 
Model of artificial oolleotiag-ground for rain 
water. 
Pain, E. J., 19, Buckingham -street. Strand, W.C. 
— Model of Danohell's patent filter press, for 
filtering all flmds and semi-fluids, with sample of 
water and varnish before and after filtration. 
(See advertisement.) 

40. Phillips, H., Heavitree, near Exeter. — ^Patent dry 

doset. 

41. Phillips, W., 160, Young-street, Sheffield.— Patent 

sanitary closet. 

42. Pritohett, G.E., Bishop Stortford, Herts. 

(1.) Example of Pritohett's patent hollow 

flooring for damp situations and for 

receiving cement, tile, and asphalte 

floors. 

(2.) Do. do. for lining walls to prevent passage 

of damp and to promote ventilation. 
(3.) Do. do. for ventilation. 
Sanitary Appliances Company, Factory-lane, Sal- 
ford, Manchester.— Models of Morrell's patent 
cinder-sifting ash closets. 
Sanitas Company, Letchford-buildings, Three Cdt- 
lane, Bethnal-green, E. — Sample of '* Sani- 
tas" fluid and powder. Specimens of meat and 
fish preserved in sanitas. (See advertisement.) 

45. Scott's Sewage Company, Boyal Albert-hall, Ken- 

sington, W. 

(1.) Illustrations of manufacture of Portland 
cement from sewage water from Burnley, 
and of ammonic Fimus Manure from 
Birmingham excreta made by General 
Scott's patent processes. 

(2.) Photographs and plan of the Burnley 
Sewage Works. 

46. Silicated Carbon Filter Company, Churoh-road, 

Battersea, London, S.W.— Silicated carbon filters 
in various forms. 



43. 



44. 
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47. Sinclair, Ja^nee, 104, Leadenhall-street, £.C. 

(1.) Gardner's patent household rapid water 

filter. 
(2.) Berlon, Furstenhagen and Wildts '' In- 

dispensable * ' patent double acting filter. 

48. Stevens, G. B., Lee-green, S.E. 

(1.) Patent self-acting exhaust ventilator. 
(2.) Drawer or inlet wall ventilator, for creating 

a vertical current of air. 
(3.) Exhaust cowl for smoky chimnies. 

49. Stiff and Sons, High-street, Lambeth, S.E. —Stiff's 

** Interceptor " trap. Weaver's trap. Bavin trap. 
Grarrett trap. Eureka trap, and sections of same, 
Soper's hospital drain, and portable disinfector. 
(See advertisement.) 

50. Taylor, E. S. and Co., 9 and 10, Sheffield- 

buildings, Victoria-street, Liverpool, and 63, 
Queen Victoria-street. E.G. — ** Empress " water 
motor. 

51. W. Tonks and Sons, Moseley-street, Birmingham. 

{a.) Model, showing the action of two auto- 
matic fasteners fixed in the upper sash, 
and the action of the releaser fixed on 
the lower sash ; for '' ventilation with 
security" when the window is open at 
top, bottom, or middle. 

{b.) Hodel, showing the action of two auto- 
matic fasteners fixed in the upper sash, 
as in model « ; but with the advantage 
of opening and closing the upper sash, 



52. 



53. 



on pulling the cord attadied to ft« 
upper sash for that puiXKMe. 

{e.) Model, Gurrall's patent inlet veoiilitor 
fixed over an aperture in a rail of a 
door ; ensuring plenty of ventilitiaD 
without any draught being felt, the in- 
coming current of air being tumsd up- 
wards in a direct Une towaids thenpper 
part of the room, where it gxaduinj 
diffuses. 

(d.) Model, Currall's patent inlet rentilstor 
fixed on the bottom rail of the loiner 
sash; for ventilation without dnn^t. 

(«.) Model, Gnrrall's patent inlet ventiktur 

fixed on the lower sash ; for ventilsticm 

without draught when the lower auh ii 

raised a little. (See advertlMment.) 

Warner, J. and Sons, The Creaoent Foondrr, 

Gripplegate, E.G. 

(1.) Warner's patent valve cloeet, with im- 
proved basins and Bower's patent o?er- 
flow sewer-gas trap combined vitli 
patent supply valve and copper case 
pneumatic regulator. 

(2.) The Bower patent sewer-gag trap. 

(3.) Various forms of valves for baths, kt. 
(See advertisement.) 
White, W. T., 332, Kennington-ioad, S.E.- 
Samples of ** Euchlorine " diainfeotant. 
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HARD OR SOFT WATER? 



THE PORTER-CLARK PROCESS, 

For the Softening and Tiltration of Water in laige quantities, within 
small space, at small cost, 

Is now ia operation in softening and purifyine the water supply of Old and New Swindon, 
with surplus for the ateam-boilers of the Great western Kailway Company. 

The remoTol of the carbonate of lime and magneBia and iron from hard water, js the 
removal of — 

(a.) The cause of enormous waste of fuel occasioned by incrustation of steam-boilers 

and pipes. 
(i.) The cause of imperfect cleansing and purification of, and injury to, linen and 

woollen in laundries, and other industries. 
((.) The cause of the frightful waste of soap, soda, and other alkalies, by which those 
injuries are imparted and the impurities retained. 
TlM flltratioa ij aiqniuU, and aTarrthing uraitcd ii rsmov*! dally. 
This process is also in operation at the Sugar Eefinery of Mr. Duncan, in London ; at tho 
Paper Mitlw of Mr. Edward Lloyd, at Sittingboume [ at the Grantham Steam Laundry ; at 
County Asylums in Kent, Surrey, and Durham ; and for Mr. Bass, M.P., near Burton-on-Tront. 
For desciiption of the PORTER-CLARK PROCESS, see the Time,, August 23, 1877, 
paper by Mr. F. J. Bramwell, F.R.S., meeting of ^British Association, Plymouth. 



PATENTED BT JOHN HENDEESON FOKTEB, C.E., 1 & 2, TUDOB- 
STBEET, BLACKTBIABS, L ONDON, E.C. 

NOTE.— A description of the PORTER-CLARK PROCESS, witli extracts from the Sixth 
Report of the Royal Commission upon the Domestic Water Supply of Great Britain, has been 
R>ecially printed for this occasion, and may be obtained in tho Rooms of the Society of Arts, or 
from the Patentee, as above. 
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VAL DE TRAVBRS 

GOMFBESSED EOCE ASFHALTE, 

As laid ia the Roa4waj s of Cheapside and a hundred other Principal Streets 

of London and in many Provincial Towns. 

The Best and most Ihirable Pavement ever introduced. 



"^ Val de Travers Oompressed Bode for fooliways, as laid in the Strand, round the garden of 
Leicester- square, and in many metropolitan and provincial paiishes, and selected by the Com- 
miflsioners of Sewers of the City of London for the footways of Cheapside, Poultry, Moorgate- 
street, and several of the streets of exceptionally heavy traffic, is as durable as flagging, far more 
agreeable to pedestrians, possesses much greater sanitary advantages, and cost one-third less. 

VAL DE TBAVEB8 IIASTIC ASPHALTS IS SPECIALLT ADAPTED FOB- 



Stables. 

Boofings. 

Coach-nouses. 

Water Tanks. 

Qranaries. 

Reservoirs. 

Sewage Tanks. 



Railway Platforms. 

Cow-houses. 

Warehouses. 

Brewhouses. 

Basements. 

Corridors. 

Playgrounds. 



Drying Sheds. 

Wharves. 

Malt Floors. 

Bams. 

Lavatories. 

Cells. 

Works, &c 



IT IS FIBE PROOF, DAMP PROOF, AND VERMIN PROOF, AND 

, UNAFFEOTEB BY ANT CLIMATE. 



Skating Sinks and Tennis Conrts are laid, both under cover and in the open, and tlie aiphalti 

is specially prepared for this purpose. 



SPECIAL ARRANGEMENTS MADE WITH PUBLIC BODIES, FOR PAYMENT BY BONDS 

WHEN DESIRED. 



Full Particulars, Prices, Testimonials, Samples, &c., to be had on application to the 

Val De Travers Asphalte Paving Company 

(LIMITED), 

14, 15, and 16, Palmerston-buildings, Old Broad-street, 

LONDON, E.G. 

X«d«U AvuM-^mu, IIW; BnuMla, we; Fkiladtlphla, im; rula, Wf. 

(u.) 



ST BOTAL USTTEES PATENT. 



WHOLESOME HOUSES. 

''Sewage Stagnftting.-^.ifl sure to be a loiiroe of noxious gases, and it is dlfflonlt to oonoeiye 

liow such a violation oan erer have been tolerated.*'~Tinies. 




Banner's System of Sanitation 

Entirely reverses the method ^vhich has 

hitherto prevailed. 

"Nothing better ean be desired.... The System derised by Mr« 
BAKlfEft is as near perfection as may be.**— Sanitary Beoord. 

It oonilBto of my trap, with inlet for trmih air near the foot of the soil- 
pipe, and haring atiT rbdiaust Cowl above the roof, being h combined 
arrangement by trhioh a ^rpetnal moyement of air in, into, and through 
the drain, sofl-pipet, &o., is maintained* 

Instead of the whole of the pipes being always kept fnllr dharged with 
dangeronB gases, to be forced by tne action of the sewer, or by the wind, or 
to M drawn hj the heat of the rooms into the house, the eztremelY simple 
method ICr. BAHtiKSL has introduced effectually j^rents a single euoic moh 
of foul alt eteH, ever resting in any of the pipes for a moment, and ho 
strongly uiwes its uniyersal adoption for the yentilation of sewers, ceespoolsy 
and house £ains ; and it may be applied, with equally beneficial resolts, to 
hot-houses and ice-houses, also to wetls, and erery otlier kind of building, aa 
well aa to ahipt. 



The System is most effeetualiy carried out by the adoption of 

BANNEE'S PATENT SANITARY APPLIANCES 

Which are authoritatiTdhr certified as the best media extant for the work they are intended to compass. 

By their use Band other Traps (so-called, but which, in fact, are g^enerally cesspools) to each closet are dispensed 
with, and immunity from sewer-gas is insured, the very objectionable open disconnections, by means of gratings 
n the area of the houses, and in dose courts and iilleys, are thereby entirely avoided. 

** A continuous onrrent oarries away the Sewer-gasei bofbre they are conoentrated «Boiigli to do 
liann."— Dr. Carpenter. ** Exoreta should pass to the drains nnpereelTed.*'— £eport to Local 
Oovemment Board. 



mas^Mm 



Banner's Patent House-drain Trapi 

One of which on the basement suffices for each house, and may be fixed, like a gas-meter, in any conrenient 
place. It is Self-acting, always Air-tight, Flushes Clean, and cannot be unsyphoned. 

BANNER'S PATENT VENTILATINO COWL. 

Ko hoose baring a water-closet in it should be witliout one fixed on the sofl-pipe, carried aboTe the roof ; it 
renders any house secure against sower-gas, by insuring a constant current of fresh air throughout the whole 
of tho pipes within the house, die least breath of air creating a sufficient and continuous suction power night 
and day, and during lUl weathers. 

" The term Ventilation. . . .means the replaoing the Foul Air by Fresh Air.** 



FOB OPINIONS OP THE PRESS, FULL PARTICULARS, PRICES, &o., ADDRESS 

THE PATENTEE, 

11, BILLITEB SaUABE, LONDON, E.G. 

Persons allowing the System to be oarried ont at their honses with other than the Patentee's 
Appliances, render themselyes liable for Penalties &r Infringement. 

lor a F<t§ of Two Guineat, th$ FaUnUe %oiU cause ih$ Sanitary Arrangementi of any AoMf ^thin af$w milts of 
lonion to ho Inspected by an experienced Enpneer^ and a Report made thereon, 

(m.) 



Isaac Shone's Pneumatic Sewerage System. 




■IWAOI UICTOB, 

SulUbla bIio for olbeT liqntdr. Ma; be fixed 
is an oidinar; Manbolt. 



Complete immnnity from Sever OflAes. 

Flat or undulfttmg Towns or Districts economically and efficiently Boirered. 

Workhoufies, Hospitals, Hotels, UansionB, EesidenceB, Ac, perfectly protected from ww9 
gases flowing thereto from existing main seTers. 

Low-lying districts connected with Awt existing intercepting sewers. 

Sewage ejected, as it is produced, to any one, or to several, desired outfalls. 

Effluent waters from irrigation farms, filtration, or precipitation tanks ejected away, ■ft"' 
treatment, to any required destination. 

This sewerage system is eoonomiool in first cost, and after working, is umjde in detail uu 
action, and consequently not liable to failure or derangement. 

The sewage is collected and ejected spesdilt, from densely or sparsely-populated diitriM. 
before decomposition sets in or sewer gases are generated. 

One Engine, situated in Ainr convenient spot, would supply air for any number of seng* 
ejectors. 

The system may be seen in perfect practical operation on the Sewage Fann '^ 
Lieut.-Col. Jones, V.C., at Hafod-y-Wem, Wrexham, up to the end of June, 1879. 

To view same, and for further particulars, apply to 



Jpril 2Srd, 1879. 



ISAAC SHONE, C.E., 

Wrexham. 



ISAAC SHONE*S 
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SEWERAGE SYSTEM. 





GREAT AND CONTINUED SUCCESS. 

''^ BOSTEL'S "EXCELSIOE' 

VALVE LESS C LOSET. 

Beceived the HI6HEST and Oin<Y Award, after severe tests hj 
Eminent Civil Ungineers, of Prize Hedal at Leamington and London, 
1877-8, and again at Stafford, 1878, Certifloate of Merit 

" We thialc the palm in this departmeiit, however, must be awardfid to Mr. Dakibl Tidmas 
BoaxBL, of Dnke-Btreet, Brighton, for the Patent ValTelesB Closet. It is, in many recp"'- 
very Bimilar to Dodd's pan, but it poseesseB the advantage of being free from metal G^ns^ 
altogether, and is ulf-cmtained and eompUU in itaelf , and has a thorough flnah au. nou^ tLt 
pan. It it eatily eltantd at any moment without ditconmction, heing at once bdcfle axd effectivi. 
—I7u Britith Architect and Northern Engineer, October 12th, 1877. 

TESTIMONIALS. 



RoTAL Yoas HOTBL, BaiaBKiR, 

Dotober 23ti1, 1878. 
Dear Sir, — I have had one of tout "EioelaiDr" 
Cloaeto in use for wme monthB, end am Tery much 
pleaaed -wiOi It. I oonader it the b«et I know of. I 
bope bofbre long to have them in use all over the 
Hotel. 

Toora trulj, 
To Hr. D. T. Bootkl, AiJbed Hoahlt. 

Sanitary Engineer, 
IS and 19, Duke-street, Brig^hton. 

30 and 31, Nkw BaiDaB-BTBSET, 
LuseuB-oiBODi, E.G., 
To Mr. BoeiEL Ootobw 5, 1878. 

JU Water Oetl. 



ice, I like very ni 
cleanest appanttu I have seen ; it really onght b 
li* CloKl of the future. 

TooiB f aitbf ullf , 

Geo. BaiMBLZT, 

Anotioneec and Surveyor. 



From H. Ebitbbt TsaBrun., Eiq., F.R.C.S., 
6, TrinitT-teitMe, AUenbot, 

18th Mudi, KT' 
Dear Sir, — I have tnnah ^daasnre in seDding < 
cheque for yoor "EioelriM" watar-oloaet,witli vs. 
I am extiemely pleased. Ton are at libartj U 
name as TaoommendiDg toot inventioB aa ir ~~ 



ir 



No ■ 



diSerenoe it has made to mf bonn. 

Tonr» tmly, 
H. Ebnht TusnuL, F.EC.E. 
To Mr. Dim. Tho*. BonsL, 

Sanitary Euglaeer, Duke-atieet, Brighten. 



From the Subb^ Co-opbutive Dnra Coxrurr. 
13G, Queen' a-road, Brightoe. 
Xaj 6. 1*:^. 
The Manager presents bis oompbmsQta, and bt«> - 
inform you that the " EioeWor doeet givM r-- 
saUsf action. In constant requisition by a SUS of u l- 
THIBTT FKBflONS ; it is never out of orim. is ftji-- '■ 
cleanly, and is, in his ettimatioti, a great «nccx». 
To Mr. BoffTO, 

18 and 19, Duke-street, Brighton. 




Full particulars of tho above long-needed and 

eeaential Sanitary Improvement of the 

Inrentar and Manufacturer, 




DANIEL THOMAS BOSTEL 

SANITARY ENGINEER AND PLUMBER, 

18 & 19, STTKE-STBEET, WEST-STEEEX, BBiaHIOV. 



WHOLESALE DE POT-B, OOLDEH LANE, LONDON, E.G. 

WORKMEN TO ALL PARTS. 

(TI.) 



EXPERIENCED 



SEND FOR A PRICE LIST OF 

Blake's Self-Acting Hydraulic Rams, 

For BaiBing Water for the Supply of Towns, VlllageB, Irr^tion, Bailway 
Stations, Mansions, Fountains, Farms. 



No Cost for UotiTe Power, which is obtained from the Stream of Water passing through the Buns. 

NO OILING OR PACKING RE4UIRED. 

Made dt Sizes to Saibe fbou 300 to 100,000 Oaixons per Day. 



■i§ 



ThiM lUn will ralM k put rl ^^^r - wbiUt worked from a itream 

«t tlM i«a< watn that .'% JK*! ^^^ ^ iupnr* wat«r, «Bd will 

work! tt,orwiU ntJM pure '**^^l'jf'i^ T^m - *"" ** * hsifht ofn,nO 
wat«T bom a well or ipring, 



TESTIMONIALS. 

Fram JOB> Tinoi, !:•]., Tha Boola, BiUi, Angnat 39, IBIS.— "The Bglf-HtlnK BriliullB "*>■< 7™ B**^ ''*'* '" ^^"^ "^ ^"^ 

douljr to tort* (D > bslght at IM fMt, ao^ ytt Ui< Run Hodi np son tbu doabli tli( qsutltr ot nlcT tbU tta* wDhI did to tbs ma>* 
balcbt." 

From C>|italn TomRBin-, Wlnahun, Fabroiry 10. IB)1.~" In umr to joat Inqolr?, 1 un g1*d ta uy Oit BjinaUe Bi 
Mnt ma In Norambw, IITS, la working uDeedlDglr mil, aod glTot do InnUa. It vill vork whaD qulli Immnaul, h It hu t»aD 
tlmti daring the flooda tbli oinlur, ratdDf np wM«r Uui»il< ■ daUnrr Up* H« 7"^ long it th* nt* of 80,000 gillou per diy, ■! 
Jon onlr promlHil (0,000.". 

PWwii W. Boimm.Bfq^ AgmtloHlB Orwjt th* Dnka of CUmlalU.— "Rlby CMtla, DHUngton, Joly 1«, laji.— Th» H»dr«nlli 
Run ronnni^ledtobuaru* t1i«DDk«of Clerelaikllatni li > camplatt luoui. It worked (Or more Uuan two je«i wlthont oniK 

From Hijor MTiiim, Lowly- lull, Bluklnire, Mij 13, 1818.— "Blr,-1 li»v» gf«»l pleMora lo leWlfJing to U» good qnilltlit 
|K«Hued bj Ue Kun yon emtod her* tiit ytir. It bu dona lU work well, ud not rolled u tb» oUUr Rftm did, wtloh wu of ■ 
dlltWBlitoOBIlniCtlonindnippllKl by . dUhront arm. I oonaldn Ibare am gra«t dlBonlUea to OMrteo* with him, bnt jonr pfMtt^ 
urmibaiilinllniiiilailiii.liiilli aaEo the oonftnigUEiB of th« Bfuood Ita tftutton barg, orertmna mo*t of lb< dlOontUM IhU n lud to 
Bontsnd icalnat." 

DoMimtBr. WLlmtlow. Nortroher so. 1813— "De»r81r,-l0«nawef to yoorlnqolriea renpwtlng the HyflninlU Ram yon aopplled 

■b<mt3,000galJouufw>t«rtotlie34boirt, wbereuyoD onlr o>nIraoted to dellTer la that ttme 900 gallona. I ban, thtnfcrs, ntrr 
raaaOQ to bs well plauad wllh yoor work, and mors fspwlally as I bed a ram mppllad me by anothar maker whloh ooold not lend np a 
alogle gallon • f water lo the helcht rcqalred j aod a uwod maker iDroraed me that na ram wlUi a rail of thrM f-et ooold MBd up watH 
to the dlltUM reqldrcd-luuiHly, ISO f«t. Bnt joan la an aacompllihid hot, and doen It* work moat motoally.- Tonia, Ae. 

From Hr.THaauUucI(,Alklnaaat«-bal1,Colne,9eplember 30, 19)1.-" Sir,— Toot Balf-aotlDg Hydranllo Ram gim do entln 
•aUtfunlDOi It bubMi at votfc about Oneanmoilhl, and naionl; been lean one* dmingUieUBt aHmonthai KDRinilng abnot 1,4D0 
gallona par day ot twaoty-fOir boan, to a bright of IH feat." 

Pram JoE> FmlgUTOM, Eiq.. Emmott-hall, near Cotna.Dtnmber 11, IMS — "Blr,— ThaBelf-acllng Ilydraullo Ram lonanp^ild 
mawlthiliMnosthiagaoantinaBalnucollgntGondlilon. It reoeiiea water from aiprlng Ihraoghaa Inch plpa, of which II f^i 3,«0o 
gailonapanUyof Wekty.lbwhonnuiahrlghtof 90fe.t,e«aedlngmll yon promlael, aod br aarpaulog Ihawater-whasl a«d j™. 
inmpa wbkhll baa dliptaoad. Itt mmI la imall. It ooanplea bat little apaoa;,! two iqnara feat), and In meabanloil dalaU U ilmplloltj Itaeif. 
hue mooltplounnlatMomnitiidliiglluaoliMpand tSlolenl method of raiting water." 



JOHN BLAKE, 

ACCRINGTON, LANCASHIRE. 



BENRY SHARP, JONES, & CO., 

BOURNE VALLEY POTTERY, 

POOLE, DORSET. 



MANTJFACTDEEItS OF 



ROCK-CONCRETE 



FOR LA.RGB SEWERS. 
MAN-HOLES, CULVERTS, & WELLS; 




UUCATES BT tee VICIOBIA BTOHZ 

COKFAHTS PATXKT PBOCEU. 
ALSO OPEH CHAHHEL FIFES 

07 THE SAKE SIZES 
rOS tXWAffS ISSIOATIOV. 



TRADEMARK 




That Pipe* are of grtai duTobilily, inte in *hape, tmootli mr/ace, and the adion of adds and 
tendi rather to harden than to injure them. 



Rock "CONCRETE 

gatd 



ST BY LAYING WITH CEMENT A WATER-TIGHT JOINT 
IS AT ONCE EFFECTED. 



Suporiorlty over briok or Concrete built in sitn. The interior lurfaoe of the Tube* being of pore OfBat 
uid compresHed in maoufsctim, there is not the sUgbtest danger or oi-co pocatbilitj of it« peeling oS. 



No risk in the ihape of defective or pervioiu Conorete. While in thoaocuei where extnordinuyitnngth 
in ncceHBiT, itcanbeeuppliedintbe form of Hjdiaulio Lime Conorete, or tugelj dilntsd PortUsd Cemait 
Concrete, the tnbo fonning flnt a centreing, kod then ft permanent and dniable lining tor the Sewer. 

Facilit)r with whicli they oas bo cut, witbaut breaking, for the pmpon of joining bruch Sewcn, te. 



Also Makers of 
BEST GLAZES STONEWABE FIFES AND OTHEE SANITABT GOODS. 



London Depot— Nine Elms, S.W. 

(VIII.) 



FDBE WATER and WATER ANALYSIS. 



"WANKLYN dfc OOOPBR'S 

PATENT MOIST COMBUSTION PROCESS, 

X BEGI8TEBED SET OF 

APPARATUS AND RE-AGENTS. 

Q^he I^e-j0:j£(enis cure -pTeiDcvred in (ProfessoT Wariklyn^Q . 

LouhoTatoTy , and ^ruucuranteed hy hirrb. 

The License for vrorking the process is obtained by purchasing 
the Set of Apparatus. Price, vrith instructions, in a 

lined Mahogany Cabinet, £3 3s. 



WANELTN'S APPARATUS & SOLUTIONS 

FOB TESTIXa WATEB BY THB 

AMMONIA. PROCESS. 

Q^e Solvjiions cvre pTepcuTed in (pTofessoT WanJclyn's 

XjoJkoTCbto'ry J arid friua/ranieed Iby Tvim. 



DE. CLARK'S 



APPARATUS AND SOLUTIONS, 

For vsrorking his Patent Process for softening and testing the 

Hardness of Water, 

FOE DESCEIPTION AND PEI0E8 CONSULT 

GRIFFIN'S CHEMICAL HANDICRAFT. 



SOLE AGENTS- 
JOHN J. GRIFFIN & SONS, 

MAinjFACTIIEEES OF 

CHBMifiAL AND PHILOSOPH86AL INSTEOiENTS 

22, GARRICK STREET, COVENT QARDE^f, W.C. 

(a.) 



9 



CERTIFICATE OF MERIT 

AWARDED AT 
MANCHESTEIR AND SALFORD 



SANITARY EXHIBITION 
AUQUST. 1878, 



LLOYD'S 
IMPROVED PATENT VENTILATOR, 



Whioh can be applied to the 

Ventilation of every oIah of 

Boilduiff, Pablio or FrivEte, 

ClmrolieB, Chapeli, 

Lav Coorta. 




Avemblr Soosu. Sebwdi, 

Friuni, Faotoiiei, 

Xitohena, StaUea, ftc^ 

and to th« Ventilation of 

Vinariei, ConiemtoriaB, Ac. 



Eitimatet given for the Fentilatim of S«*id«nee», Churthn, Sehooh, and PMic SuiUinjt. 
on application U 

THOMAS LLOYD, 

Warming, Ventilating, and Sanitary Engineer, 

PATENTEE AND MANUFACTUEEE, "WINCHESTER. 

Sole Agent for Siitiict for Bnehan'i Patent 8ewer-0u Tap. Sonth of T'"g'«Ti'^ Agent for 
the Vielle Kontagne Zino Workt, Belgium. 



TESTIMONIALS. 

F^om Ernest A. Day, Arehtteet, Sanitary and VentHaling Engineer, Woreetter. Z. 
5, Fore^to-ttreet, Woroeeter, September 27th, 1877. 
Dux StB,— I hsTa much pleMDre in bearing' mj teatimimy to the vklue of your Patent Estntot TtaitOiin. 
Tbe TendlstoT being worked by stmoipheTic premire csausefl a vacaum In the pipe, and thoeby di««> avij 
the air. amokc, dost, or Btnun from underneath ; its siinpliGity and peijnliar oocirtruction piewita diivi 
draughts, which uro the great and gcrious inconTcniences attending Dearly s!l ceiling or extract vcntilatan. 
TooiB faithfnUy, 

ERNEST. A. DAY. 
To Vi. Thomu Lloyd, Winoheoter. 



From Eev. E. Jacob, Porttea Vicarage, Kingtton, PorttnunUh, 



Dxu Sib,— I think it is only dne to you that I should eipresa my entire 
think I may add) of my pariHhoiieFH with tbe maimer in whioh you have ventilated the Fuiah Chnrch of Fntn- 

I never officiated m a worse ventiJaled building than this chureh in its former state. On Sandaj laft. thuuci 
the church was crowded in every part, and there wbh not even standing rooni in any one of lie p "' '"^ 

Evaoing Service, there vaa no cloeeneeu or oppresaiun at all ; when the Con^ 

th«^t- ^' 

Ton can make any n 
Mr. T. Uoyi 



a any one of tie paMigTf K. 
Jongregation had Mt the Avti. 
tie bnSding, and I need haidlj •■! 



se ittnnger b 



C».) 



OEES AND ROBINSON'S 

PATENT FILTER PRESS 



FOB 



SAFIDLY AND ECONOMIOALLT EXTBACTINO MOISTURE 

PBOM THE SEMI-FLUID PRODUCTS 



OP 



Sewage Precipitation Tanks, Potteries, Sugar 
Factories, Breweries, Chemical Works, &c. 



ParticulaxB as to Cost, &o., can be obtained either at the Manufactoirers, 

MESSRS. SIMPSON AND CO., 

GROSVENOB BO AD, PIMLICO, S.W., 



OR OP 



MR. J. C. R. 0KE8, 39, QUEEN VICTORIA STREET, E.G. 



DOMESTIC WATER SUPPLY. 



ffilver Kedal Awarded at the Paris ExUbitioa, 1878. 



RTDER'S PA.TENT 



HOUSEHOLD PUMPING ENGINE 

Wm raise 600 GALLONS of WATER FBI 

A CONSUMP- 




HOUR 80 FEET HIGH 
TION of 41b8. of COKE PER HOXTR, or a 
smaller quantity to a greater height Requires 
no skilled liaboiir. 

Is PERFECTLY SAFE, it being WORKED by 
HOT-AIR, and does not affect insnranee. 

Has NO STEAM BOILER. 



ToBtimonials and fall particolan from the Sole MaknS} 

HAYWAR D, TYLER, AND CO. 

Ctm U sem at Work DMy f except SatuHbgJ, at 

39, aUEEN VICTOBIA 8TBEBT, 



(JO.) 



LONDON, E.O. 



HKPSOVES SABITAST AND BUIIDIirO AFPLIAHCES. 



Baths, LavatorieB, Water-closets, Household, Scullery, and Slop Sinks, 
Urinals, Pumps, Sluice Valves, and Water Fittings. 




JENNINGS' PATENT TALVE CLOSET AND TRAP. 

la On* Piiu of X*Tt)iniw»Ta. Orer 47,000 in Dm. 



Ilitt, It lltt u 






Fria«, from 70i. npwwdi. BMlut, P, lOi. axtn. 

JENNINOB' NEW PATENT TRAPLES8 TALVS 
WATEB-CL08ET. 



In iu VMioBi qiuUtiM Baited for the CotUgt or 1 

. ._ k drlscllLiiiyphon. 11 li proTldtO vlUi lallil pln(, P°lDratala ntorutw 
Mikit, T, r<w naUiitiiiK pip., ud « InppM untio-w, T, vllta « "-- ^ 

Ttw (nw lapply ti 

PriM, from Ml. npwazdi. 

PREVENTION OP WASTE OP WATER 

Hi* kbOTO CloHti, fltt«d witli Jmnlngf' Improrod P»tsnt AiTMigngamt for ProTMitioB sf Vmato, Sts. «xtn> 

nSNINGS' DCPROTEI) PATENT SINES 

Jot Kitolwiu, SonlltrlM, PuitiiM, and Aitiwwi' 

DwolUngt. 





JENNIHOS' PATENT TIP-UP LATATORIEB. 

TbiH LantorlH art to b* lonai la D«rlr tnrj Clnb, Hotal, Biak, Airin 
ot^ar pDblls DuUdlnK. iDd ttaognodi of PrioU DnlllBfi la LosdoB ud tha I 
flu banuda winr dlmmtLaiu Drdaalen. Thay aralo baprcftnadlo tiulni 
>■<> rtotluta, for eliaullDCtt, dmblllty, ud iltDpliisltr ; tbar laaiamoSlttr 
of tha ta^o, uid th» Ion of briu pinguid tfaa bnaUofof abaloaan 

PriMi, eomplito, from 68a. pw bcaia and npwudB. 

JENNINOB' PATENT SLOP SINKS. 
Por CloMti on Badnom Ploon. 

U*d« to nil »T poaltloii. Id FUla or Ki.amillad 8UU. 
Prom £4 4i. npvsrda. 



GEORGE JENNINGS, 

SANITAEY ENGINEER, STANGATE, &E 

Hlmlrated Catalogua upon ajvlictdim. 
txn.) 



THE PARKES MUSEUM OF HYGIENE, 

UNIVERSITY COLLEGE, 

GOTVBR STUBBT. IjONDOISr, ^V.O., 

(MTrSETTK: UBSABT: BSADnTO-BOOM : ) 

FOR THE DIFFUSION OF A PEACTICAL KNOWLEDGE OF SANIIARY SCIENCE. 



HER 



Patrons. 

MAJESTY THE 

THEIR ROYAL HIGHNESSES 



QUEEN, 



THE PBIirCE AND FBIKCESS CHRISTIAN OF SCHLESWIO - HOLSTEIN, 

HIS BOTAL HIGHNESS FBINCE LEOFOLD. 

Supporters. 



Thi Citt op Brussels. 

Thi Oovs&nment op the Unitbd Statks. 

Thh 8tC&XTART OP THB HOMB DbFAKTMBNT. 

Thb Sbcbbtabt of Statb for War. 
Thb Sbcrbtart op Statb for India. 
Thb Lords Coxxissionbrs of thb Admiralty. 
Thb Lords op the Comicittbb of Council on 
Education. 



Thb Local Oovbrnmbnt Board. 

Thb Metropolitan Board op Works. 

Tub Council up University College. 

The Society oir arts. 

The Society for Proicotino Christian Knowlbdob, 

The Sanitary Institute op Great Britain. 

Thb Kbw Musbuk op Economic Botany. 

The Clothworkbrs' Company. 



Sib William Jbnnbr, 



I 



&C.f &c., &c., &c. 

Trustees. 

Dr. E. H. Sibtbkino, 



I 



Dr. O. v. Poorb. 



Executive Committee. 



Sir William Jbnnbr, Bart., M.D., K.C.B., "F.R.S., Chairman. 
W. H. Corfibld, Esq., M.D., I John Marshall, Esq., F.R.S., i Haytbr Lbwis, Esq., F.S.A. 



A. B. Kbnnbdy, Esq., C.E., I J. E. Erichsen, Esq., F.K.S.. I Dr. Sidnby Rinobr, 

A. W. Williamson, Esq., F.R.S. 

Berrblby Hill, Esq., I^eaturer, Dr. W. B. Gowbrs and Dr. O. V. Poorb, Son. Secrttariet. 

Curator. 

Mark H. Judge, 6, Dadley-plsoe, W. 

The Executiye Committee desire to call attention to the increasing need of facilities for 
obtaining a practical knowledge of Sanitary Appliances and their uses, and of other matters 
relating to health. 

No Institution calculated to supply this want existed in London before the establishment 
of the Parkes Museum by some of the friends of the late Dr. E. A. Parkes. Although yet 
quite in its infancy, this Museum contains objects relating to every branch of Hygiene ; and it 
is gratifying to be able to state that Her Majesty the Qxteen nas marked her approval of 
the underte3dn^ by contributing £50 to the Fund. 

The Council of Uniyersity College, with their usual readiness to recognise an educational 
want, established a Prof esson^p of Hygiene and Public Health, and have supplemented this 
by placing at the disposal of the Executive Committee of the Museum, a large room (area 3,500 
square feet), in which the collection of Specimens, Models, Apparatus, &c., is temporarily 
arranged. The Council have also granted the use of a second room for the Library. 

The Committee, in order to extend the benefits of the Museum to all classes, have made 
arrangements to open it to the public. 

The Funds at present collected are wholly inadequate for the object in view, and a very 
much larger sum is required to make the Museum a great Central Institution for the 
instruction of the public. The Executive Committee, therefore, confidently appeal for 
pecuniary support to all those who are interested in Technical Education and Sanitary Science. 

Subscriptions may be paid to the Treasurer, Professor Berkeley Hill, 55, Wimpole- 
street, W. Cheques and Post-office Orders to be crossed ''Union Bank." All communicationB 
relating to the presentation of articles to the Museum, should be addressed to the Curator, 
Mr. Idlxsi H. Jttdoe. 



XJniwrnty CoUegt^ London^ 
May, 1679. 



(XIU.) 



J. F. CLARKE, 

GAS, STEAM, HOT WATER, 

AND 

HTDRAULIC ENGINEER. 

COOKING APPARATUS AND BATH WORK 

OP BVBKT DB8CRIPTI0X. 

PNEUMATIC AND ELECTRIC BELLS, 

Speaking Tubes, Wind Vanes and Lightning Conductors of 

the most Improved kind. 

Patentee of a 

SELF-FLUSHING AND WAST&PEEVENTING WATER CLOSET, 

AMD 

I>OIITA.BIjK FIRld] HYDRANT. 

Churclies, Public Buildings, Mansions, Warehouses, Conservatories, &c.i 

Heated, Lighted, and Ventilated. 

DB. LETHEBT'S FAMILY FILTER. 



49, MOORQATE STREET, LONDON, E.O. 

-W O R K: S : — F I N S B XJ Tl Y . 



THE 



Rivers' Purification Association 



(IjI]Sd:iTld3J3). 



0FnGES:-7, WE8TMIKSTEB-CHAMBEBS, LONDON, S.W. 



This Assoeiation has been formed for the purpose of relieving the 
Sanitary Anthorities of Towns of the trouble attending sewage disposal and 
purification, in accordance with the requirements of the Rivers' Pollution 
Prevention Act. The Association is prepared to undertake, for an annaal 
subsidy, all the operations incident to sewage purification, either by chemicals 
or by land irrigation, or by a combination of the two. The Association's 
chemical process is in successful operation at Coventry and Hertford, and i3 
open to inspection at any time without order. 



Information can be obtained by application to the Mi^n^gitiy Director. 

(«v.) 



\ THE PATENT 

'WASH OUT" CLOSET. 

HK = =— 




BATi' The difference between this Closet and others with water in the bottom 

receive the soil, is that in them yon depend npon the y^BX&t floating the soil 

Ell ^ paper ont of the basin, or have a discJuirge valve or plug placed between 

■.. rj basin and the trap to retain the water in the basin. The objection to the 

mer is that the soil, &c*, is frequently left in the basio, and to the 

""^ ter that the soil adheres to the valve, stopping its proper working, and 

.pregnating the water in the basin. By the '^ Wash out '' arrangement 

' ^b these evils are avoided. The water is so directed in entering the basin 



^ >t it makes at once for the outlet, driving before it the soil and paper ont 
LT-'^'^he basin and through the trap, leaving pure water to fill the basin. There 
^^'no metal or valves of any \ ind exposed to the action of the soil. It is 
*^^„jortant to have an 1 J-inch service pipe. It can be fixed in the place of any 
^'* Inary closet. This Closet is designed to meet the requirements of the two 
QfiC^tons service. 

^ The ventilation of the traps for these Closets is also provided for {when 

n'dered), by a pipe of 2^ inches diameter ; this opening can also be used as 
aeans of unstopping the trap should it ever need it. The trap is made to 

ioSj^ fnlly one inch, and thus an efficient trap is secured. 

Extract from the Architect of June 9th, 1877, page 373. '^How to 
iiu a House," from a paper by T. Mellard Beade, Esq , C.E., read before 
^ Liverpool Architectural Society : — 

TA ^ **I consider the pan-cIoBet objectionable, especially since the compulsory introduction 
of the two-gallon regulating cistern has increased the di£Bculty of getting the after flush to 
fill the pan. The 'Container' is usually a reservoir coated with filth, hidden by the 
pan holding the water in the basin. A basin with a trap at the side or back, called a 

^^f * Wash out' basin, is a far better apparatus." 






V 



.^•* 



JAMES WOODWARD, 



'WADUNCOTE, near BUBTON-ON-TBENT. 



JOHN ■WARNER 

9cU mdi $mt (fotiiibtif, 
HYDRAULIC AMD SANITARY 

OnMMLtVoaadrr, Crlppla^ta, London, I.O., ud Tha FcnindiT md Worki, W«IUn-on-tb*-Tua, tamx, 

ICiMUkntDmiof HrdnialleHHh!n*ry of srarr dusripUon, Wind Eii(la««. FIrg Eii«inn. Ounltn KntlnM, Witv WlwaK KcBh D*** 
W«U POBU, OntrUtafal Pamn, Uon« Qw PnioH, Bscina Fnnua, As, Ooolii unl Vilrai for Wuir it Ulfb or La« I 'tm h w, 
Planbm'OMkludFlttlDfi.doHIi, BiUu, LantmlM. Stgim VtlTH, ud Enclna FIttlnfi, Ou PiUIdci, B«r Eii(lu) ud FUUiis^ 

_ _ Bi11i,Th Unu, ud a*o>m Hnilerr- 

OniapVIL— ''HoBOOnUiIfHitlaB" fsr BraiiRd THUrntiBiulffT. ind Cnpmr Work. amapXIII.— "Omidllidilc' U 

PaBrs,Oud*au(IFIr*Bii|liua,udHTdnBllBMiBliliur]r. Oronp XVIIL— "Onnd UedElatMtni" farBknll — *—" 
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AND SONS, 

BRAZKEB, AND COPPEBSBTHS, 



lEl at Mtnl " far BknltUT AppUuH^ CioM, 
I, ZdDondi, Ambalni, lt»rja», B ii i U ,*«. 




iUI JOuOraltd tjatahgua and Price LuU *pm itjp^ioation. 
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DANCHELL'S PATENT 

HIGH-PRESSURE FILTER 



This Filter is constructed on entirely new principles, is of extreme 
simplicity^ easily managed and cleansed, well adapted for household purposes, 
as well as for every kind of filtration, especially for all liquids and semi-liquids, 

including Beer^ Wine^ Gider^ Oil, Vaniish, &c.| also for use in 
Cement^ Pottery^ and Sewage Works^ Breweries^ Dis- 
tilleries^ and Sugar Befineries. 



All information can be obtained on application to 

MR. E. J. PAIN, 
19, BXFGKINGHAM 8TBEET, STBAND, LONDON. 

For all other purposes apply to 

MB. LEWIS OLBIGK, 27, Leadenhall Street, E.C. 



U 



SANITAS," 



THE 



DISINFECTANT & ANTISEPTIC 



^■i 



. " SAmTAS" eonBiBts of the aerial oxidation products of the oils generated naiorallj in 
Pine and Eucalyptus Trees. '<BANITAB'' is singular in being the ONLY KNOWN 
PREPARATION which is at once an ANTISEPTIC, DISINFECTANT, and DEODOBISEIL 
At the same time it is not merely NON-POISONOUS, but is HEALTHFUL in itself. 

The " SANITAS" MANUFACTUEES (Fluid, Powder, and Soap), are used V most o£ 
the more important COKPOBATIONS, HOSPITALS, BAILWAY and BHIPPINO COM* 
PANIES in GBEAT BBH AIN and IBELAND. 



D>r LUt (\f Artid^Sy their gricei and U9e9, apply to the 

"SANITAS" CO., LIMITED, 

Letchford's Buildings^ Three Colt Lane, 

BETHNAL GREEN, E. 
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Silvertown Electrical Water-Level Indicator. 

SOLE MANUFACTURER8:- 

The India Rubber^ Ghitta Peroliay and Telegraph Works 

Ctompany (Limited), 

For allowing the aotnal height of the Water Leyel, in feet or inches, in reterToixi, tenki 
rivers, tideways, ftc., ftc, at no matter what distanoe from the water the instrument may be 
placed. 

The Instmment is perfectly tmstworthy, and not at all liable to get out of order, 
reqnixing no attention when once put np. 

ThefoUawing letUr ha9 been received from Msssbs. H. Yoxma & Co., ike CotUradors for tk$ ereeiiM 

of the New Watertcorh at Leamington : — 

Eftyto FovidxTiNiaa Bmi« 

London, 8.W., tSnd Apnl« 1879. 

Oektlehen, — ^We have pleasure in stating that the Electric Indicator at Leaxnington 
continues to work in every way satisfactorily. 

We know qf no apparatus so admirably suited for indicating rise and fall of water in 
reservoirs at a distance. There is nothing likely to get out of order or require attention. 
Thanking you for working out the idea so well, 

We are, yours faithfully, 

H. YOUNG & 00. 

Ite Jndk lUibber, Outta PerehA* (GEO. BOBEBT80K.) 

end Telecraph Worics OomiMfiT, 
100| Gaimon-stxvet, London, £.C. 

Estimatea for the supply and erection of this Apparatos will b e ftimiahed 
on a^lication at the Company's OfficOi 106, CANNON-STREET, LONDON, 
where further particulars may be obtained. 

CrOIIITSOIT='S 

PATENT 

HYDRAULIC FILTERS, 

70B THB 

TREATMENT OF SEWAGE SLUDGE ON THE PNEUMATIC SYSTEM. 



Where large quantities of material have to be dealt 
withi this System will be found the simplest known 
means of drying Sludge or Pail Emptyings without taul 
It is also the lowest in cost of installation and working 
expenses. The Sludge is hermetically closed when the 
Apparatus is at work, and is consequently worked 
without smell. ,=».-.— ^^^-«^ 

For Plans, Prices, and other particulars, Address 

JOHNSON'S ENGINEERING WORKS, 

CABFEHTEB'S B|)^,, STBAIFOBD, E. 



BOYLE'S PATENT 

SBLK-AOTIlSra- 

AIR-PUMP VENTILATORS 




ElUrtrallr Kil[»rt lh» 

arc EDtlnlr (»• rrom don-dnnibt ; ■nd « bt CDUInutMl 
-- ■- -■ ultb iTtry tljliof Arehinctar* 

Err Ita* hlgtwrt BBlhoridM to IM ths nu) 



" lb>Tl^ PXmt Stir-AMlB* Al'.Pomp Vcd'lliilor, wbish doR 
nol TFRiK*, u III* b*l Soll-vlp* VtUllitar lh*( I knoir of,"— 
EtiiiT Tinnm E«|^ F.S.I RA. 

PniipectiiHi, Pi 1« Lliti, ie., on ipplliBtlon to Ui* Pit«t«sa, 

Robert Boyle & Son, 

VENTILATINC i SANITARV ENGINEERS, 
no. Bothmll St, ft Kaiiiioa-faottM-biuldingi, 
0LA8Q0W. LONDON. 

o lottodtMod in bm 



ptffMt DtUiadi arVntUaUaB."- 



mj dliwHoB at tha LIIcwt i 

Timpl* han twIlMd Br upi . _ . 

enmpltlaty ftiltl tb> (iU«t whUi I bid 1 
•Mv. I oontMir tUl vpl>o>lloi of tham 

MTOT tW l. Md UWIX ...-V.. — . 




BoTli'iAlr-PuirpVoiUlatorU 
ilDo, ukd lun mnoli pifuiiii In tmntjIM M 
UMlraaolMWT. Ttiaj lhamitbl]r fMlbt tha 
tlToanbU uiklpatloiii wlilob I tormod froB 

BotIi. KitIbk om flutd ap IB or ^obt, E 
iBd II b» aanafe] anrj daolM f ' 



HEALTHY HOUSES 

SKOtTBBD BT" TJBING 

BTTCHAirs PATENT VENTHATDTO DBAIK TRAPS. 




Tbtat ■ppliuuM proride in a riiDpIe, 
(diMp, aod Mt ifildent nunov, for ths 
Ventdatlon ol th« Dniu at FlpM on tlie 




eztinliiBtioii of t^* AniQi 
tends to k««p the Tn^ dau. 
■nd H« now Id CM to Um extent at • " 



■ooM* opening npoti the oater uob of the 

.-_- _ Tnp, which u of advantage wha Jaintinf, 

^WM^^ and Bay bo ntUiaed to TentUate the ie«n 

r tbo diUn b«70iid tha Ttap^ «h«i widwd; and it alwajn naeftil fcr eair 
The vartiad dnp of the wat« en ODtering the Tiap ia a paonllar taatare, and 
Th«M l^aea hare atood tha teat of aamol yean, —' ' 

■n erer the Ungdom, with the moot Ntbhctory raonlti 

TESTIMONIALS. 

BAUnrtx Latham, Eia-i C.lL-~" The a *XM < <y» of Ur. Boehaa'a Tnp etiuiiU in tU yUI ^*«t to (*« tMUr m 
tHltrinf lit Trap." . 

PvevsaBOk Juua TBONreoM (of Ola^ow Unlvfriltj).— " X ttpprevt verp mwA of Ur. Bnohan'i fom of Trapi 
*Uh Ita MMUb Mtim." 

P. HiKcxn BiU), Baa., F.R.C.8.— " I flad It a vtr)/ cXtcp and ^fitmt amaa at *«ll]attng Iha dialna oatald*, 
aad Iha aoO aad *aHa plpae wtthin." 

KsanrB BL Uaouodi Eao. (Saaltaiy In^aetor tor OlaaKow}.— " Th«a ein be m ihtiit of iU Mku, aa a 
anUarT amli^ML" 

■"Tow Ti^ivpMntamalaba^MiflA* 



Bola ]hkm:-J. * X OSAIO, FIAX CLAY ICAVUPAOTVSfiU, XUminofik. SaotUnd. 

Xtken alH ofVbite Enamelled Binki, Wailiilig Tnbl, firlekl, ko. 

iMki of Tn^ and FHtingi, kept in prinoipal To*]ii In tlte United Kingdom. 

London Agontl-XIL £OB£HI OALT, UO, CA5V0K BnXET, E.O. 

tritt Zisti ttn4 Farliailar* m Jpaiitttitit. 

(«■«.) 



OXYCHLOROGENE, 

A PowerM and Complete Deodoriser^ AntiseptiCy and Biainfectant 

This nnid u prepared striotl j in aocarda&ce with tlie most leoent reaearoliee in Chemical Sdenee, and u 
{naotically the most perfect Diainf eotant and Deodeniaer erer introduced. It la e&tirelv free from anythiiig of a 
poiaonoua natnre, and may be uaed with the greatest oonfidenoe either in the sick chamber or for t^e destmctiw 
of infeotioua germs, oflFenaiTe odours, or impurity of any Idnd. It has no unpleasant odour, and i^hBD. diluted • 
does not stain, therefore may be freely used without the least fear of injury in its application. 

May be obtained of all ChemitU and Medicine Vendon in the Kingdom. In Bottlee at le. and 2«. 6dl eaek, mrd iu 

Bulk at 8«. per Gallon^ with full direetiofte for uee» 



PATENT POTASH SOAP, 

For use in Cold or Lukewarm Water. One 1 lb. is equal to 2 lbs. of beit yellow loap. 

It is the Best and Cheapest Soap for Laundry Purposes. It is warranted not to injure the moei ddicate 
material The PATENT POTASH SOAP possesses deansing properties far in advance of any other aoap, and 
by the new process of washing in cold water, according to the directions given, the dirt is dissolvod and dis- 
charged from the fabric with ver^ little rubbing, while the clothes are thoroughly cleansed and rendered purs 
and white at much less cost, and in half the time of the usual process of washing. The annoyance of steam if 
avoided, the dothes are not worn or torn, and no soda, washmg, or bleaching powder being used, fhey are ncii 
injured or destroyed. One trial will lead every household to aboUdi the old and destmotive system of waiting. 

The PATENT POTASH SOAP acts admirably in any description of washing mad|iine. 

Of all Qrocere and Oilmen, in Bart, 6d. per lb,f or I ewt, Boxee 52t. 



PaTSNTXES A2n> SOLX ItUmTFAOTUBBBS-* 



MACKEY, SELLERS, AND CO 

WHOLESALE MANUFACrrUIUNG CHEMISTS, 

1 and 2, BOUVEBIE STREET, FLEET STREET, LONDON. 



DANIEL CLARE, 
WATERLOO FOUNDRY, CARLISLE. 



PATENTEE ANB MANUFACTURER 






-:^^im. 



Patent Stench Trapped Oidlies ; Lathams's Patent Sewer VentQaton ; 
Young's Improved Ball Valyea, combined widx, Clark's Patent 
Gullies, for preventing the Flooding of Streets or Cellars ; Penstocks ; 
Flushing Gates; Tidal or Hap-Yalves; Sluice Valves; Side* 
Entrance Safety Grating; Combined Manholes and Venttlatuig 
Grfeitds; Charcoal Baskets, ftc, fto« 

Drawing and Prices of which will be forwarded on 

application, 

(XX.) 




Chemical Apparatus. Scientiflc Instruments. 

"We wish to recommend our LAEGE STOCK of every description of 

PORCELAJN, GLASS, STONE, & METAL APPARATUS, 

For Chemical and FhiksopTncal Purposes and Lectures. 

ELECTRICAL, MEDICAL, & EXPERIMENTAL COM & APPAEATII& 

Bunsen's Modified Filter Famps, from 10s. 8d. to 67s. 

ELECTRICAL BATTERIES AND ELEMENTS. 

CAILLETET'S APPARATUS FOR LIQUEFACTION OF GA8E8. 

.■^■ ■ . ■ ■ ■ . ■^ 

^ ■ ■■ -^^^^tm I ■■■! ■ ■ ■ m^^^^ 

Catalogues and lUuslrations on application. A Ziheral Discount allowed to Wholesale JBuy&rs. 

WHOLESALE IMPORTERS & MAUFACTURERS, 

AUG. BEL & Co., 



Sets of Apparatus 
according to Professor 
Valentin's ''Book of 
Chemistry^'' Professor 
AttfieWs ''Manual 
of Chemistry,^' Sfc, 
always in stock. 



C02TTRACT0RS TO THE GOVERKMENT, 

34, Maiden Lane, Southampton St.| 

STRAND, W.C. 



Sets of Apparatus 
as required by the 
Government Schools 
always ready and kept 
in stock. 



For the convenience of Teadiers and Students at tlie South Kensington Classes, the Science 
and Art Department has authorised us to keep a Stock in the store-room, first floor of the 
building, where the different sets and other articles are always ready for delivery. 



Price Is. 6rf., 5y post Is. 8d. 

NATIONA L WATER SUPPLY. 

NOTES ON FKEVIOUS maUIBIES, 

FBEFABED IX CONNEXIOX ^TTH THE 

CONGRESS, 1878. 

Being an outline retrospect of the previous inauiriea and recommendations respecting 

Water Supply. 



''The literatoro of the subject, in its various branches, is very extensive; so that to keep the 
retrospect within such limits as are convenient for easy reference, ifc has been jadj|;ed desirable that it 
should, as far as possible, take the form of a key to what has been done. As it is believed that few 
publio libraries possess the works of reference through which previously acquired information is 
distributed, it has been thought useful to print in full some extracts from official books known to be 
out of print. These extracts are, for the most part, confined to questions which are of importance to 
all districts, applying to general principles on which a supply must be rejected or admitted." 



NOTICE. 



A few copies of the Reports of the Conference on Health and Sewage of Towns, held in the years 
1876, 1877, and 1878, are still in print, and may be obtained on appUcation to the Secretary of the 
^ Society of Arts. Price 28. each. 

Society for the Encouragement of Arts, Manufactures, Sf Commerce, John-st,, Adelphi, London, W.C. 

(xxi.) 



IMPKOVED 



PATENT "DUPLEX" L 



AND AUTOMATIC FLUSHER, 

Adapted to Water-closets, Eonaemaids' glnka, Lavatories, 

MANUTACTUBBD BY 

E. HOWARD, 

1a, upper baker-street, LONDON, fi 



Vrlni 





Appantoi ii not Id vk, 

" It has hitherto been found praodcally impoaiible to prevent the emissioii of foul 
from waste or soil pipee of water-cloaets, Binka, waah-baaiiu, ftc., especially when these 
as they almost always neoeBaarily must be, are connected with the drains. The object ( 
invention is to cany off all such noxiouA ^^ases into the open air, and so prevent them en 
the apartment in which the apparatos is placed. 

The lids or covers to the water-cloeets, sinks, or baains are so oonstruoted that whei 
down lliey are open to the flues above described, and any offensive gases rising throug 
soil or waste pipes, or escaping from fiaws in the joints mereof, are oariied upwards and 
to the outer air instead of entering the room. 

Moreover, the water-closet hds are so contrived that the action of ahuttiDg them 
emptiea and flushes the apparatus, aimilarly to the action resulting from pulling up the i 
in the ordinary ntanner, and consequently the upward rush of foiu gas from the soil jnp* 
always attends this operation is rendered harmless by being conveyed by the ventilatuig : 
tha outer air. 

It will readily be seen that, by the adoption of this principle, the rooms oontainis 
apparatus are, while not in use, rendered to all intents and purpoeee external buildings- 

A full-sized model of the apparatus may be seen at the Farkes' Museum of Hygicii«< 
versify College, Gower-street, and at the Manufacturer's, 1a, Upper Baker-street, N.W. ; ' 
Manufacturer would be happy to oall on Architects and others with a modd of the app 
showing its working. 

Some hundreds of the Duplex Lids may also be seen in use at the Metropolitan Conval' 
Institution, Norbiton ; the Clerkenwell Mortuary ; Spa-fields Burying-ground ; St. Q^ 
Union Inflrmaiy, Fulham-road ; St. Ma^Ieboue Workhouse, Mairlebone-road ; St. 
Union Infirmary, Deptford Lower-road, Botherhithe ; Holbom Umon Infirmary, An) 
road, Upper Holloway ; and other public and private buildings. 

The wh<de of the woodwork is made of the beet selected pitch pine and teak, but malx 
or aqy other material can be need if desired. 

(xxn.) 



riTlimR^GOvlNOR. 



MESSRS. ALLEY & MAGLELLAN 

DEVOTE THElfSELYES ESTIBBI.Y TO THE 
UAKOFACnmE OF 

WATER KETEB8, SLtTICE VALVES, 

HYDRANTS, STOP VALVES, 
STREET FOUNTAINS. 

BVEHT cum or 
METAL VALVE 08 FITTIHG 

WATER, GAS, STEAM OR SEWAOE. 





ADVA.NT-A.GE6 

, 1.,-Bt. — It maiatains a conBtant outlet pressure, wifli a vatying inlet pressure and outlet 
a "^; anptioJi. 

*"■' . "ind. — Tha outlet pressura can be reduced to any pressure belov that on the inlet umply 
W'^^Jting off the weighU O- 

,,,8rd.-^By reducing the pressure the fittings are saved from injury. 
iMf-4tii, — By equalising the pressure at various levels in district, every person gets a fair 
ig"?'' Jy of water, ^hile waste is presented. 



^cne case where this Oovemor is at work, the saving affected it 
^' Thirty per Cent, of the proTions oonsnmption. 

.?f 

ti^ '■Engineers can have full -particulars on Application to the 



^ ALLEY AND MAGLELLAN, 
!entinel works, qlasqow. 



CURRALL'S PATENT VENTILATOI 




VJJN'i'lLATIOH WTTHOITT BB&nOET. 



tmonlhac dmiBB a'nj en 



n U»fln mto thei 



[Ution viUifjnt drABKfatji. ui^ eAuUr applied, Ur. (Xshai-l brinn forav^l t 
Tcatililori the Mot being onuhmrri i^i/tortawl u^i. i»t (K-il^r, mairr* if* 
raimatbemiioved. Tbe Inkt Is goi^enUf flied at t^ lOR pwl at tli<- 1 - -i 
tet bom tiK floor I for Mk odmianoD of (»di air, m long ■partuR m a b.n~ . 
hoDoof HwTailflof the door» cc the bottom rail of the wiUtoirvuh* «* Uii^'^bt 

. , ithetuUeot tbennm liKnKBlICUBBtLi.'i PjiTviTbLirViiTiLATni:. It i 

iiii^tHl Dlate, «nd (wben Bxed) i* opni onlr at the top ndc thnnigfa which, nOast anr dnivhl 1- : 
innmungcuiTCaCot fnah air npKUy Mcendi dlrectl)' tomudt (li« top of Uwimni, irhneit n-jil'i . 

i-i.., , ^ ^ — '-of fienh air alBo pnnido^ for the TcgnlmiKnta of the tbtt, and 'fceepukfc lU-- 

— ^ upwards, bcfomca a ivmedr for the aidaim of > antDk}- diimiwr- Aiki:. 

may be flxed over the Bpeitur* on the outside. 




PATENT BOOK-SHELF FITTDrOS. 



hithntu gcmeraU}' ni]o[itcd for audi ihdvM ia to mpprat tbea at «ch end In two i 

if whkh sTo mnitiaeil iatii tlie nhelf, and the pioa diivm at olbnwiae fitted i&to hak«twu 

■■ ^-"' thtao holee are vgy leldom '■ " 



1 tiieHheU.aiid 

[to the upright 

iJ even who™ w done ia the flnt bu , „ ^ 

^^mo too ]4Tte or too nnnllforthe plnB,Bnd the alEeraHoa of the adji 
indfwd un eifawnely* — " " — "*- " " — 



itfona In thew ^ripa is nL 



_ -. , ,[ a X'-J 

FiTTIiraa rnnedr thia, and 4* ^ '^ 
lul MniH paforufd at intrrv i:< 

. ^ -trong metal platea, which lix^r ll 

ftsnea. 'Ilw huratlOD. at the required inli-n 



noatlrtl 



e' iteii into the pcrfoi , ^, , , -_, - 
emrily a]t«ed without an iirltating eipeniis of troobtoi and wwte of time. Tl» thinner*- n( ■ 
rmilcni uir mortlxiDg In the shelf uiueceMiiry. and the anuill tnterrtu bttween tbeprriar-jri 
Ktripe enables tho whok space occupied bf the idielvci4 to be nsed moat economkMlfy- Thc^ti' iic _' 
UK^ vlth n thclf snfllcielitif itnme [Iwlf to benr the weight, will BOpfOtt withoiK (tnin muit ' 



HOOKHAMS FA.TENT 

STEEIi FIANO-WIBE nCTl7S£-LIHE. 



PERFECT SECURITY, WITH EXTREME FACILITY IN HANGING 

The LINE li nude with a wiro of STEEL FUNO WIBG of the qnalitru 
adapted to anpport a great strain for almost any length uf time £> — "- -^- 
iwotectt^ from rvst t^ a bindiag of waterpmofed oo1t«i ; ov^ this is 
hdniweU lanparod, wlllh eep its oohMir. 

'mR PATKNT FASTBNEKS are an entirrtr new feature, and wfl 

fan behmw taathltdot thetbne.andadjiistedrasilrtoanetHlithDt aahch. Xntrn 
ask (at the Fasteners, "niermake B*etm»-haoelii« a pleasant ai 



Koriateivd 



I ai^ oii'BeKlstered Beelf, whUi win be (oona Terr L . 
Nippetii, made entlrelr (tf cast stecL and useful for 
UrEe had wUh the line. 



D* hoBs eh old paipoM^ tftdaBj for it- ' 



\* The rarious atticles may be prooured thiougli anj IroiUBUBger. 
Wfaoleealeof 

WILLIAM TONKS AND SONS 
Hoseley Street, Binuingham, 

FEOIC WBDH ILLV3TItAIt(»rS AlTD PABIIOlTUAa lUT U OBXAIKIIV 
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